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THE EVOLUTION OF MAN. 


CHAPTER XV, 
THE DURATION OF HUMAN TRIBAL HISTORY. 


Comparison of Ontogenctie and Phylogonotic Poriods of "Tieno.—Daurntion of 
Gorm-history in Mon and in Ditforont Animals,—Extromo Brovity of 
tho Intter in Comparison with the Immensurable Long Periods of 
‘Tribal History,—Relation of this Rapid Ontogenetic Modification to the 
Slow Phylogunetic Motamorphosit.—Kstimato of the Past Daration of 
the Organic World, founded on tho Kaintive Thicknos of Sedimentary 
Rovkatrata, or Noptuninn Formations. —The Five Main Divisiona in 
the Latter’ 1 Primordial, or Arobilithio Epoch. IT. Primary 
Palmolithic Epoch. TI. Secondary, or Mesolithic Epoch. IV. Tertiary, 
or Cwnolithic Epoch, ¥. Quaternary, or Anthropolithic Epoch—'The 
Relative Duration of the Five Mpochs.—The Hesulta of Comparative 
Philology ax Explaining tho Phylogeny of Spocies—The Intec-relations 
of the Main Stoms and Branches of tho Indo.Germanie Languages are 
‘Analogous to the Inter-relations of tho Main Stora and Branches of 
the Vertebrate Tribe.—'Tho Parent Forms in both Cases are Extinct, — 
The Most Important Stages among the Homan Ancestral Forme 
Mouéra originated by Spontancous Geuceation—Nevessity of Spouta 
noons Goneraticn, 























“In vain as yot has it been attempted to draw an exact line of demarcation 
between historic and pretistoric tines; the origin of man and the period of 
biw dest mppearanco puss back into indefnable time; the semcalled archale 

eaanot bo kharply distingnishod from tho prewent age. ‘This le the fate 
of all geological, na of all historical poriods. ‘The periods which wo 4 
tingolch are, thorefore, more or low arbitrarily dofined, and, like tho divisions 
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in systematic tntural history, ena only serve to bring the subject of our 
atady better before us and to render ib more manageablo; but not to mark 
real distinotions botwoon different (hings."—Bruxnary Corra (1868). 


Our comparative study of the Anatomy and Ontogeny of 
the Amphioxus and the Ascidian has afforded us aid, the 
value of which can hardly be over-estimated, towards 
acquiring a knowledge of human Ontogeny. For in the 
first place we have in this way filled up, as regards Anatomy, 
the wide chasm which in all provious systoms of tho 
animal kingdom existed betweon Vertebrates and Inverte- 
brates ; and in the second place, in the germ-history of the 
Amphioxus we have recognized primordial phases of de- 
velopment, which have long disappeared from the Ontogeny 
of Man, and which have been lost in accordance with the 
law of abridged heredity. Of special importance among 
theso phases of development ix the Archigastrala, the ori- 





ginal, genuine Gastrula-form which the Amphioxus has 
retained up to tho prosent timo, and which re-appears in 
the same form in low invertebrate animals of the most 
diverse classes, 

The germ-history of the Amphioxus and the Ascidian 
has, therefore, so far perfected our direct knowledge of 
human genealogy, that, notwithstanding the incompleteness 
of our empiric knowledge, there is no essential gap of any 
great moment in the pedigree We may, therefore, at once 
proceed to our task, and, aided by the ontog 
comparative-anatomnical materials at our command, may 
reconstruct the main outlines of human Phylogony. The 
immense importance of the direct application of the funda- 
mental biogenetie law of tho causal connection between 
Ontogeny and Phylogeny now becomes evident, But, before 


etic and 
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beginning this task, it will be well to note a few other 
general faets which may enable us better to understand the 
phenomena we are about to study. 

Firstly, it may not be out of place to insort a fow 
remarks as to the duration of time during which Man was 
developing from the animal kingdom. The first thought 
that occurs to the mind when we consider the facts in 
question, is of the immense difference between the duration 
of the germ-history of Man on the one hand, and of his 
tribal history on the other. The brief period in which the 
Ontogeny of the human individual takes place, bears no 
proportion to the infinitely long period required for the 
Phylogeny of the human tribe. The human individual 
requires nine months for its perfect development from the 
fertilized ogg-cell to the moment at which it is born and 
quits the mother's body. ‘The human embryo, therefore, 
passes throngh the whole course of its development in the 
brief space of 40 weeks (usually in exactly 280 days). 
Each man is really older by this period than is usually 
assumed. When, for example, a child is said to be 8} years 
old, he is in reality 10 yoars old. For individual existence 
Woes not begin at the moment of birth, but at the 
moment of fortilization. In many other Mammals the 
uration of the embryonic developmont is the same as in 
Man, ¢g.,the Ox. In the Horse and the Aas it is somewhat 
longer, viz, from 43 to 45 weeks; in the Camel it is 13 
months. In the largest Mammals the embryo requires @ 
much longer time for its complete formation within the 
taaternal body; in the Bhinocerus, for instance, 1} year, 
in the Elephant 90 weeks. In the latter case, therefore, 
gestation lasts more than twice as long as in Man—for 
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nearly a year and three quarters In the smaller Mammals, 
the duration of embryonic development is, on the contrary, 
much shorter. The smallest Mammals, the Harvest. Mice, 
develop fully in 3 weeks; Rabbits and Hares in 4 weeks ; 
Rats and Murmots in 5 weeks; the Dog in 9, the Pig in 17, 
the Sheep in 21,and the Stag in 36 weeks, Development is 
yet more rapid in Birds The Chick, under normal con- 
ditions of incubation, requires only 3 weeks, or just 21 days 
for its full development. The Duck, on the other hand, 
takes 25, the Turkey 27, the Peacock 31, the Swan 42, and 
the New Holland Cassowary 65 days The smallest of all 
Birds, the Humming-bird, quits the eg aftor the twelfth day. 
Tt is, therefore, ent that in Mammals and in Birds the 
duration of development within the egg-membranes stands 
in a definite relation to the size of body attained by cach 
vertebrate species, But the latter ix not the sole determin- 
ing enuso of the former. There are many other cireum- 
stances which influence the duration of individual develop- 
ment within the membranes of the 

Tn all cases, however, the duration of the Ontogeny 
appears infinitely brief when compa 
the infinitely long period during which the Phylogen 
gradual development of the ancestral series, took place 
This period is not to be measured by years and centuries, 
bat by thousands and millions of years. Many millions of 
years must indeed have elapsed while the most. porfect 
Vertebrate organism, Man, gradually developed from the 
primeval one-celled ancestral organism, Tho opponents of 




















od with the enormous, 







the development theory, who regard this gradual develop- 
ment of Man from lower animal forms, and his original 
descent from a one-celled primitive animal as incredible, 
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do not reflect that the very same marvel actually recurs 
before our eyes in the short space of nine months during 
the embryonic development of each human individual, 
‘Tho same series of multifariously diverse forms, through 
which our brute ancestors passed in the course of many 
millions of years, has been traversed by every Man during 
the first 40 weeks of his individual existence within the 
anaternal body. 

All changes in onganic forms, all metas 
animal and plant forms, appear to us all the mo 
able and all the more wonderful in proportion as they occur 
more rapidly. When, therefore, our opponents pronounce that 
the past development of the human race from lower animal 
forms is inerediblo, they must regard the embryonic develop 
ment of the human individual from the simple e; 
far more wonderful in comparison. This latter process—the 
ontogenetic modification—which takes place before our eyes, 
must appear more wonderful than the phylogenetic wodi 
cation, in proportion as the duration of the tribal history 
exceeds that of the germ-history. For the human embryo 
must, pass through the whole process of individual develop: 
ment, from the simple coll up to the many-celled perfect 
Man, with all his organs, in the brief space of 40 weeks. On 
the other hand, wo may assign many millions of years for 
the scoomplishment of the analogous process of phyloge: 
netic deyolopment—the development of Man's ancestors from 
the simplest one- 

As regards these phylogenetic periods, it is impossible 
tofix approximately their length in hundreds or in thousands 
of years, or to establish any absolute measure of their 
duration. But the researches of geologists have long since 
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enabled us to estimate and compare the relative durations 
of the various periods of the earth's organic history. The 
most direct standard for determining the relative duration 
of geological periods is afforded by the thickness of the so- 
called Neptunian strata or sedimentary rock, ic, all those 
strata which have been deposited, as mud, at the bottom 
of the ocean, or under fresh water. These stratified sedi- 
mentary rocks—limestone, clay, mar], sandstone, slate, ete— 
which constitute the great mass of mountain-chains, and 
which aro often soveral thousand fect in thickness, afford 
us data for estimating the relative longths of the various 
periods of the earth's history. 
For the sake of completeness, I must sey a few words as 
‘to the development of the earth as a whole, briefly indicating 
& few of the more prominent facts relating to this matier. 
‘At the very outset. we are confronted with the weighty 
fact, that life originated on our planet nt a certain definite 
“period. ‘This is a proposition that is no longer gainsaid by 
any competent geologist, We now know for certain that 
organic life upon our planet actually began at a certain 
time, and that it did not exist there from cternity, as 
some have supposed. The indisputable proofs of this are 
furnished, on the one hand, by physico-astronomical cos- 
mogeny; on the other, by the Ontogeny of organisms. Species 
and tribes, like individuals, do not enjoy a perpetual 
life™? They also had « beginning. The time which has 
elapsed since the origin of life upon the earth up to the 
present time (and with this period of time alone we are 
here concerned) we call the “history of the organic earth,” 
as distinguished from tho “history of the inorganic earth” 
which embraces the period before the origin of organic life. 
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With regard to the latter, we first obtained clear ideas from 
the natural philosophical researches and computations of 
the great eritical philosopher, Immanuel Kant, and on this 
point I must refer the reader to Kant's “ Allgemeine Natur- 
geschichte und Theorie des Himmels” and to the numerous 
Cosmogenies which treat the subject in a popular style 
We cannot here dwell upon questions of this kind. 

The organic history of the earth could begin only when 
water in fluid drops existed upon its surface. For the very 
existence of all organisms, without any exception, depends 
on water in the fluid state, their bodies containing a con- 
siderable amount of the samo, Our own body, in its fully 
developed state, contains in its tissues 70 per cent, of water 
and only 30 per cent. of solid matter. The amount of water 
is still greater in the body of the child, and is greatest of all 
in the embryo. In carly stages of development the human 
embryo contains more than 90 per cont, of water, and not 
10 per cent of solid matter. In low marine animals, 
especially in the Medusm, the body contains even more than 
99 per cent. of water, and not even one per cent. of solid 
matter. No organism can exist and perform its vital 
functions without water. Without water there is no lifo, 

Water in the fluid state, which is, therefore, in- 
dispensable for the existence of life, could not, however, 
appear upon the earth until after the temperature of the 
surface of the fiery globe had sunk to # certain point 
Before this it existed only in the form of steam, As 
goon, however, ag the first drop of water in a fluid state was 
precipitated by cooling from the envelope of steam, it began 
its geological action, and from that time to this it has 


effected continual changes in the modification of the hard 
4 
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crust of the carth The result of this unceasing work of 
the water, which in the form of rain and hil, of snow and 
ice, of rushing torrent and surging wave crumbles and dis- 
solves the rocks, is the formation of ooze. As Huxley says, 
in his excellent “Lectures on the Causes of the Phenomena of 
Organic Nature,” the most important fact in the past history 
of our earth is ooze, and the question aa to the history of the 
past ages of the world resolves itself into a question as to 
the formation of ooze. All the stratified rocks of our moun- 
tainous formations were originally deposited a oome’at the 
bottom of the waters, and only afterwards hardened into 
solid stone. 

As has already been said, it is possible, by bringing 
together and comparing the various rock-strata from many 
places on the surface of the earth, to obtain an approximate 
conception of the relative ages of these various, strata. 
Geologists have long agreed that there is an entirely definite 
historical sequence of the various formations. The various 
groups of strata which lic one over another correspond to 
successive periods in the earth's organic history, during 
which they were’ deposited in the shape of mud at the 
bottom of the ees, Gradually this mud was hardened into 
solid rock. Tho latter, by alternate upheaval and depros- 
sion of the surface of the carth, was lifted above the water, 
and assumed the form of mountains. Four or five main 
poriods in the carth’s organic history, answering to the 
larger and smaller groups of these sedimentary rock-strata, 
aro usually distinguished. These main periods are sub- 
divided into numerous subordinate or Jesser periods, From 
twelve to fifteen of the latter are usually awumed (Cf 
Tables XII. and XHIL, pp. 1, 12) ‘The relative thick- 
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ness of the various groups of strata affords the means of 
‘approximately estimating the relative length of these various 
divisions of time. Of course we cannot sy, “In a hun- 
dred years on the average a stratum of a certain thick- 
fess (cay two inches) is deposited, and therefore a rock- 
stratum of a thousand feet in thickness is 600,000 
years old." For different rock-formations of equal thick~ 
Hess may have occupied periods of very various longth 
in their deposition and consolidation. From the thickness 
of the formation wo may, however, approximately judge of 
tha relative length of the period during which it was 
formed. 

‘Of the four or five main periods of the carth’s organic 
history, our acquaintance with which is indispensable for 
our Phylogeny of the human mee, the first and oldest is 
known as the Primordial, Archizoic, or Archilithic Epoch. 
Tf we estimate the total thickness of all the sedimentary 
strata ng averaging about 130,000 foot, then 70,000 foot bolong 
tothis first epoch—more than one half. From this and other 
Giroumstances we may conclude that the corresponding 
Primordial or Archilithic Epoch must alone have been con- 
siderably longer than the whole long period between the 
close of the Archilithic and the present time, Probably the 
‘Primordial Epoch was much longer than might appear from 
‘the ratio of 7 6, which we have given. This Epoch is divided 
into three sub-periods, known as the Laurentian, Cambrian, 
and Silurian, corresponding to the three principal groups of 
‘sedimentary rock-strata which constitute the Archilithic 
‘rocks The enormous length of time required for the forma- 
‘tion at tho bottom of the primordial sea of these gigantic 
‘strata, of over 70,000 fect in thickness, must, at all events, 









10 ‘THE EVOLUTION OF MAN. 


have been many millions of years, During that. 
came into existence by spontaneous generation 
and simplest organisms-—those in which life began 
planet—viz, the Monera. From these, one-celled 
animals first developed—the Amcebe and many k 
Protista. During this same Archilithie Epoch, also, 
invertebrate ancestors of the human race developed fi 
these one-celled organisms, We draw this conelusion | 
the fact that towards the close of the Silurian 
a few remains of fossil Fished are already to be found, 
Sclachians and Ganoids, These are, however, much 1 
highly organized and of later origin than the lo 
Vertebrates (the Amphioxus), or than the various skul 
Vertebrates allied to Amphioxus, which must have 
during this time. The latter must necessarily have 
preceded by all the invertebrate ancestors of man. 
we may characterize this entire epoch as the “age of man 
invertebrate ancestors;" or, with special reference to the 
oldest representatives of the Vertebrate tribe, as the “age 
of Skull-less Animals,” During the whole Archilithie Epoch: 
the inhabitants of our planet consisted exclusively of 
aquatic forms; at least, no remaina of terrestrial animals 
‘or plants dating from this period have ax yet been found, — 
A fow remains of Iand-dwelling organisms which are some- | 
times referred to the Silurian Period, are Devonian. 

Tho Primordial Epoch was followed by the Pulwolithic, 
Palwozoic, or Primary Epoch, which is also separable into ~ 
three sub-periods : the Devonian, the Carboniferous, and the 
Permian. During the Devonian Poriod the Old Red Sand- 
‘stone, or Devonian system was formed; during the Car- 
boniferous, those great beds of coal were deposited which 



















TABLE XII. 


Systematic Survey of tho Palwontological Verieds, or the Grentor Divisions 
in tho History of the Organic Barth. 


L. First Epoch : The Archilithio, or Primordial Epoch. 
{Age of Skull-toss Auiumls aud Seawovd Forests.) 
1. The Older Archilithie Epoch 


or Lanrontian Period. 
2, The Midille Arvbilithie Epoch ° Cauitian Period. 
4. Tho Later Archilithic Epoch a Silurian Period. 


TH, Becond Epoch + The Palmolithie, or Primary Epoch. 
(Ago of Vishox and Fern Forest.) 
4. Tho Older Palwolithio Kpoch 


or Dovonian Poried 
5, Tho Middle Palwolithic Rpoch %, Coal Period, 
B. Tho Later Paleolithic Epoch ra Pormian Period. 


Hl, Thirst Byoch s The Mesolithic, or Secondary Bpoch. 
(Ugo of Reptiles and Pino Forosts, Conifers.) 
7. The Older Mesolithic Epoch 


or Triassic Period. 
A. The Middle Momslithic Spach = Jurassic Povicd. 
9, The Later Mowslithic Epoch = Chalk Period. 


TY. FourtA Epoch: The Cwnolithie, or Tertiary Xpoch. 
(Age of Mammals and Leaf Foroste.) 
10. The Older Cwnolithic Kpech 





or Eocene Period. 
11. ‘The Middle Cenelithic pooh 4 Miveeno Period. 
12, The Later Cwenolithie Epoch ” Pliocene Period. 


¥, FMA Epoch: The Anthropolithle, or Quaternary Epoch 
(Age of Man and Cultivated Forests.) 
13, The Older Anthropolithic Epoch Tee Age, Glacial Period, 
14. The Midlio Anthropolithic Kpoch 4, Post Gincial Period. 
16. The Later Anthropolithle Byooh Poriod of Culture, 
(The Period of Culturv is the Historic Period, or Perel of Tradition.) 


or 
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TABLE XIII. 


Systematic Survoy of tho Palwontological ormations, or the Fousiliferoas 
Stinta of the Karth’« Cros, 























Rosk-Oroups. | Systems, Formation. | Serene’ 
Quaternary a 
Grow, \ XIV. Recent { SG. Present Upper allavint 
or })_(Allaviom) 2 3& Recent Lower alluyial 
Anthropolithio ) XILL.Ploiatocene { BA Post glaefal | Upper diluyial 
(Antbrepornio) | (Dituvium) ‘83, Olasial Lower diluvial 
groups of strata 
XII. Pliooone § 82, Arveruisn | Upper pliccene 
IV. Tertiary (Xow tertiary) 2 SI. Sab-Aj 3¢ | Lower plivcena 
Gem, Xi. Miocens § 30. Falunian | Upper miccono 
(Middio tertiary) ¢ 29. Limburgian | Lower mioveno 
— [x nowme | 2 Og, | Ue ee 
= ys ore ‘27, Nummalitio r 
srvuprot strain \ (OW tersey) | 34; Tendon olay | Lomer eocann 
{ 3, White shall | Uppor cretaceous 
2 ree iddle erotaceoun 
: IX. Crotaneous, ) yx Negeomian | Lower crutaceous 
AIL Beovecdary, ( Se Weaites ‘Tho Kentish Weald 
ony 21, Portlandian Doper oolite 
+S 20, Oxfordian le oolite 
Ferm EL 19. Bath Lomercolite 
18. Lins Lina formation 
Se mel, ( 17. Xeuper Upper trias 
VII. Trins | 16, Muschelkatk | Middio trine 
(16, Bunter mand | Lomor trims 
7 14, Mountain Upper Permian 
VE Permian 
tre rod aa f Tas 
ae stouo) [15 ad eantatene | Lowor Permian 
ad ~ 12. Carboniferous | Upper carbonifer: 
Palwolithio 4 ¥- Carboniferous sandstone ous 
{Palsosole) (Coal) 11, Carboniferous | Lower carbouifer- 
of steal limestone | ous 
ror TY. Dewonion | 10. Pilten Upper Devonian 
\(Old red wand-} 9. Tifrasombe — | Middle Dowonian 
wone) |, Linton Lawor Devonian 
: , 7. Ludlow Upper Silurian 
1 Primordial / rr sitorian | 8: Wenlot Middle Biturian 
Group, \ (5. Liandetto Lower $i 
oA { 4 Potsdam 
Arshlicle «) 2: Cumbrion } i Eimengea | aor x 
r ipper Laurentian 
groupsof strate \ 1. Laurentian { > Gabrad ia a 











GEOLOGICAL PERIODS. 13 


supply us with our principal fuel; in the Permian, the 
New Red Sandstone, the Magnesian Limestone (Zechstein), 
and the Cupriferous Slate were formed. The approxi~ 
mate thickness of this entire group of strata is esti- 
mated at 42,000 feet at most; some geologists make it 
somewhat more, others considerably less. In any case, 
this Palwolithie Epoch, taken as a whole, is consider- 
ably shorter than the Archilithie, but yet is considerably 
longer than all the following Epochs taken together. ‘The 
strata deposited during this Primary Epoch supply fossil 
animal remains in great abundance; besides numerous 
species’ of Invertebrates wo find also very many Verte- 
brates—Fishes preponderating. As early as the Devonian, 
and even during the Carboniferous and the Permian 
Periods, there existed so great a number of Fishes, espe- 
tially Primitive Fishes (Sharks) and Ganoids, that we may 
designate the entire Paleolithic Period as the Age of Fishes. 
The Palwozoie Ganoids especially are represented by a 
large number of forms, 

But even during this period some Fishes began to 
accustom themselves to living upon tho land, and thus gave 
rise to the Amphibian class. Even in the carboniferous 
aystem we find fossil remains of Amphibia—the earliest, 
terrestrial and air-breathing animals In the Permian 
Period the variety of these Amphibia becomes yrentor. 'To- 
wards its close the first Arnnion-animnls, the tribal ancestors 
of tho true higher Vertebrate classes, soom first to appear. 
These are a few lizard-like animals, of which the Protero- 
saurus from the Cupriferous Slate at Eisenach is the beet 
known. The appearance of the most ancient Amnion 
Animale (Amniota), to which the common parant-form of 
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Reptiles, Birds, and Mammals must. have belonged, seems 
in fact to be referred by these oldest reptilian remains back 
to the close of the Paleolithic Epoch. During this Epoch 
the ancestors of the human race must accordingly haye 
boon represonted, fist by true Fishes, thon by Mud-Fishos 
(Dipnewste) ond Amphibia, and finally by tho oldest 
Amnion Animals, the Protamnia, 

After the Palwolithic Epoch comes a third main division 
of the earth's organic history, known as the Mesolithic, or 
Secondary Epoch. This is again distinguished into three 
subdivisions—the Triassic, the Jurassic, and the Cretaecous 
Poriods, Tho approximate thickness of the strata-groups, 
formed during these throo Poriods from the beginning of 
the Triassic down to the end of the Cretaceous Period, 
amounts in all to about 15,000 feet, not one half the thick~ 
ness of the Paleolithic deposits, During this Epoch a very 
great and varied development took place in all divisions of 
the animal kingdom. In the vertebrate tribe especially a 
number of new and interesting forms developed. Among 
Fishes the Osscous Fishes (T'eleoste’) now first appear, Bub 
the Reptiles surpass all others both in numbers and in 
diversity of species—the most remarkable and the most 
familiar forms being the gigantic extinct Dragons (Dino- 
saurians), the Sea-Dragons (Halisaurians), and the Flying 
Lizards (Pterosourians), In reference to this predominance of 
the reptilian class this time is known as the age of reptiles, 
But tlic class of Birds also developed during this period, 
undoubtedly originated from a branch of the lizard-like 
Reptiles. his is shown by the similar embryology of Birds 
and of Reptiles, by their Comparative Anatomy, and also by 
the fact that we know of fossil birds with toothed jaws 
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and with lizard’s tail, belonging to this period (Odon- 
tornis Arckcopteryx). Finally, it was during this period 
that there appeared upon the scene that most perfect and, 
for us, most important vertebrate class, the mammalian 
lass. «The oldest fossil remains of these have been found 
in the most recent Triassic strata, viz, molar teeth of 
‘a stnall insectivorous Pouched Animal (Marsupial). Numer- 
ous remains occur somewhat later in the Jura system, and 
a few in the chalk. All the remains of Mammals from this 
Mesolithic Epoch with which we are acquainted belong to 
the low Pouched Animal division ; and among these were 
undoubtedly the ancestors of Man. On the other hand, 
not a single undisputed rlie has yet been discovered 
throughout all this period of one of the higher Mammals 
(Placentatia). This last division, of which Man is a member, 
did not develop till later, in the immediately subsequent 
Tertiary Epoch. 

The fourth main division of the history of the organic 
earth, the Tertiary, Cwenozoic, or Cwnolithic Epoch, was of 
much shorter duration than the preceeding. For the strata 
deposited during this period are in all only about 3000 feet 
in thickness. This Epoch, also, is divided into three sub- 
divisions, known as the Eocene, Miocone, and Pliocene 
Periods. During theso periods the most diverse dovelop- 
ment of the higher classes of plants and animale took place 
and the fauna and florn of our globe now approached 
nearer and nearer to their present character, The most 
highly developed class of animals, that of Mammals, now 
attained pre-eminence. This Tertiary Epoch may, therefore, 
be called the age of Mammals. The most perfect section 
of this class, the Placental Animals, among which is Man, 














16 ‘THE EVOLUTION OF MAN. 


now first appeared. The first appearance of Man—or to 
speak more correctly—the development of man from the 
most nearly allied ape-form, dates probably eithor from tho 
Miocene or the Pliocene Period,—from the middle or the 
latest section of the Tertiary Epoch. Perhaps, as is assumed 
by others, Man strictly so-called, i, Man gifted with 
Iunguage, first developed from the speechless man-like Apes, 
in the subsequent Anthropolithie Age. 

At all events, the perfect development and distribution 
of the various races of Man dates from the fifth and last 
main division of the organic history of the earth, and hence 
this Epoch has been called the Anthropolithic, or Anthro- 
poxoic, and also the Quaternary Epoch, It is true that, in 
the present imperfect state of our palwontological and 
prehistoric knowledge, we cannot solve the problem as to 
whether the development of Man from the nearest allied 
Ape-forms took place in the beginning of this Anthropolithic 
Epoch, or as early as the middle or towards the close of the 
preceding Tertiary Epoch, ‘This much, however, is certain, 
that the true development of human culture dates only 
from the Anthropolithie Epoch, and that this latter con- 
stitutes only an insignificantly small section of the entire 
enormous poriod of time occupicd in the development of 
the organic earth. When we reflect upon this, it appears 
absurd to speak of the brief span of man’s period of cul- 
ture as “the world’s history.” This so-called History of 
the World docs not amount approximately to even one- 
half per cent, of the length of those enormous periods 
which have passed away from the beginning of the earth's 
organic history down to the present time. For this World's 
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History, or more correctly, History of Pooplo, is iteclf 
only the latter half of the Anthropolithie Epoch, while 
even the first half of this Epoch must be reckoned as a 
prehistoric period. Hence this last main period, reaching 
from the close of the Cenolithic Epoch to the present time, 
can only be culled the “age of man,” inasmuch asx the 
diffasion and differentiation of the different species and 
races of man, which have so powerfully influenced all the 
rest of tho organic population of the globe, took place 
during its course. 

Since the awakening of the human consciousness, 
human vanity and human arrogance have delighted in 
rogarding Man as tho real main-purpose and end of all 
earthly life. and as the centre of terrestrial Nature, for whose 
use and service all the a ios of the rest of creation were 
from the first defined or prodestined by a “wise providence.” 
How utterly baseless these presumptuous anthropocentric 
coneeptions aro, nothing could 
a comparison of the duration of the Anthropozoic or Quater- 
nary Epoch with that of the precoding Epocha For ev 
though the Antbropolithic Epoch may embrace several hun- 
dreds of thousands of years, how small is this time when 
compared with the millions of years that have elapsed since 
the beginning of the world’s organic history down to the 
first: appearance of the human race ! 

Tf the entire duration of the organic history of the earth, 
from the generation of the first Monera down to the present 
day, is divided into a hundred equal parts, and if then, 
corresponding with the relative avernge thickness of the 
intervening strata-systems, the respective percen 














co more strikingly than 











18 THE EVOLUTION OF MAN. 


assigned to the relative durations of the five main divisions 
or Epochs, the latter will be found to be about as follows :— 


I, Archilithic, or atvhizoic (primordial) Epoch + 63.6 
IL Valwolithic, or palmozoie (primary) Epoch a2 
ILL, Mesolithic, or mosoroic (secondary) Epoch =. eM 
TV, Cronolithio, or canosoio (tertinry) Epoch - =. «23 
'Y. Anthropolithic, or anthroposvic (quaternary) Epoch. 0.5 





Total... 100.0 


The relative durations of the five main epochs of the 
earth's organic history, are yet more clearly in the 
opposite Table (XTV.), in which the relative thicknesses of 
tho strata systems deposited within these Epochs is repre- 
sented on a scale corresponding to their actual depths. 

‘This table shows that the period of the so-called History 
of the World forms but.an inconsiderable span in comparigon 
with the immeasurable duration of those earlier epochs during 
which Man did not exist upon this planet. Even the great 
Cwnoxoie Epoch, the so-called Tertiary Epoch, during which 
the Placental Animals, the higher Mammals, developed, 
includes but little more than two per cent. of the whole 
enormous duration of tho organic history of the world] 

And now befors wo turn to our proper phylogenctic 
task ; before, guided by our knowledge of ontogenetic facta 
and by the fundamental law of Biogeny, we attempt to 
trace step by step the history of the palwontological evo- 
lution of our animal ancestors, let us turn uside for a short 
time into another and apparently very differont and very 
cemote department of science, a genoral review of which 
will make the solution of the difficult problems which 
now rise before us very much easier. The science is that 
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TABLE XIV. 


Systeciatio Surrey of the Neptuninn fossiliforoms atrata of the earth with 
reference to thoir relative sectional thioknoss (130,000 foet circa). 









TY. Cenolithic Strata, 


circa 2000 fest. 


Piiccene, Miocene, Eocene. 








TIL. Mesclithic Strata. Tie Otals Resets 


















Doposita cf the 





VIL Jurmasic Systom. 
Secondary Epoch, etrea 





16,000 foet, 
VIE. ‘Trinzeio Syetom 








11. Palwolithic Stenta, 


Deposits of the 
¥. Coal Syxtem, 







Primary Epoob, cirva 






2,000 foot. 
iv. 


Devonian System. 








um 








Bilutian System, circa 


L Archilithic Strata, 








,000 fot. 


Deposits of the IL Combrian System, virca 
18,000 foot, 
Primordial Epoch, elves 





70,000 foot. 1. Laurentian System, circa 


20,000 fo 








20 THE BYOLUTION OF MAN. 


of Comparative Philology. Ever since Darwin, by the thoory 
of Natural Selection, infused new life into Biology, and raised 
the fundamental question of development in overy branch 
of science, attention has frequently and from very different 
quarters been called to the remarkable parallelism, which 
exists between the evolution of the various human languages 
and the evolution of organic species. The comparison ix 
quite justifiable and very instructive. Tndeed it is hardly 
possible to find an analogy better adapted to throw a clear 
light on many obscure and difficult facts in the evolution of 
species, which ix governed and directed by the same natural 
laws which guide the course of the evolution of language. 
All philologists who have made any progress in their 
ucience, now unanimously agree that all human languages 
have developed slowly and by degrods from the simplest 
rudiments, On the other hand, the “strange proposition 
which till thirty years ago was defended by eminent au- 
thorities, that language is » divine gift, is now universally 
rejected, or at best defended only by theologians and by 
people who have no conception of natural evolution. Such 
brilliant results have been attained in Comparative Philology 
thnt only one who is wilfully blind ean fail to recognize the 
natural evolution of language, The latter is necessarily 
evident to the student of nature. For speech is a physio- 
logical function of the human organism, developing simul- 
taneously with ite special organs, the larynx and the tongue, 
and simultaneously with the functions of the brain. It is, 
therefore, quite natural that in the history of the evolution 
of languages, and in their whole system, we should find the 
game correlations as in the history of the evolution of 
organic species and in their whole system, The yarious 
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larger and smaller groups of speech-forms, which are distin- 
guished in Comparative Philology as primitive languages, 
fundamental languages, parent languages, derived languages, 
dialects, patois, ete, correspond perfectly in their mode of 
development with the various larger and smaller groups of 
Organisms classed in systems of Zoology and Botany as 
tribes, classes, orders, families, gonera, species, and varie- 
ties of the animal and vegetable kingdoma The relations 
between these various systematic groups, or categories, are 
in both cases identical; moreover, evolution follows the 
same course in one case as in the other. This instructive 
comparison was first elaborated by one of the most eminent 
of German philologists, one who, unfortunately, died pre- 
maturely—August Schleicher, not only # philologist but. also 
a learned botanist, In his more important works, the Com- 
parative Anatomy and evolutionary history of languages is 
treated by the same phylogenetic method which we employ 
in the Comparative Anatomy and evolutionary history of 
animal forma He has cspccially applied this method to 
the Indo-Germanic family of languages; and in his little 
treatise on “The Darwinian Theory and the Science of 
Language” (“Die Darwin'sche Theorie und die Sprach- 
wissenschaft,"), he illustrated it by means of a synoptical 
pedigree of the Indo-Germanic family of languages*® 

If the formation of the various branch languages which 
have developed from the common root of the primitive 
Indo-Germanic tongue is studied with the aid of this pedi- 
gree, a vory clear idea of their Phylogeny will be acquired. 
At the same time it becomes evident how entirely analogous 
is the evolution of the greater and lesser groups of the 
Vertebrates, which have sprung from the one common root- 
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form of the primitive Vertebrates The primitive Indo- 
Germanic root-tongue first separated into two chief stems: 
tho Slavo-Germanie and the Ario-Romanic main-tranks, 
‘The Slayo-Germanic then branched into« primitive German 
and a primitive Slavo-Lettic tongue. Similarly, the Ario- 
Romanie split up into a primitive Arian and a primitive 
Groco-Romanie language (p. 23). If we continue our 
examination of this pedigree of the four primitive Indo- 
Germanic languages, we find that the primitive Germanic 
tongue divided into three chief branches—s Scandinavian, 
a Gothic, and a Toutonic branch. From the Teutonic branch 
proceeded, on the ono hand, High German, and, on the 
other hand, Low German, to which latter belong the various 
Friesian, Saxon, and Low German dialects, Similarly, the 
Slavo-Lettic tongue developed first into a Baltic and a 
Slavonic language, From the Baltic spring the Lettie, 
Lithnanian, and Old Prussian dialecta. The Slavic, on the 
other hand, give rise, in the South-east, to the Russian and 
the South Slavic dialects, and, in the West, to the Polish 
and Czech dialects, 

Turning now to the other main stem of the Indo- 
Germanic languages and its branches—the primitive Ario- 
Romanie—it is found to develop with the same luxuriance. 
The primitive Greco-Romanie language gave rise, on the 
one hand, to the Thracian Ianguage (Albanian Greek), and 
on the other, to the Italo-Keltic. From the latter in turn 
sprung two divergent branches—in the South, the Ttalian 
branch (Romanic and Latin), and in the North, the Keltic, 
from which arose all the different British (Old British, Old 
Scottish, and Irish’ and Gallic tongues The numerous 
Iranian and Indian dialects branched out in the same way 
from the primitive Arian language. 
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‘A closo study of this pedigree of the 
languages is, in many respects, of great 
parative Philology, to which we are indebted fi 
ledge of this subject, thus shows itself to be a 
a natural science. Tt, indeed, long ago 
own province the phylogenetic method with 
which we now attain the highest results in Zool 
and in Botany, And here I cannot refrain from 
how much to the advantage of our general culture it 
be if the study of languages (which is undoubte 
the most powerful means of culture) were compu 
prosecuted; and if our cut and dried Philology 
placed by a living, many-sided, comparative study | 
guages. The latter stands in the same relation 
former as the living history of organic evolution do 
the lifeless classification of species. How much 
would the interest taken in the study of language 
students in our schools be, and how much more vivid: 
be the results if even tho first clomonts of © ri 
Philology were taught instead of the distasteful 
tion of Latin exercises in Ciceronian style ! 
T have entered with this detail into the “Compnr 
Anatomy” and the history of the evolution of Ianguag 
because it is unsurpassed as a means of illustrating th 
Phylogeny of organic species. We find that in 
and in development these primitive languages, 
Tanguages, derived languages, and dinlects, ¢ | 
exactly like the classics, orders, genera, and species of the | 
animal kingdom. The “natural system” is in both eases 
phylogenctic. Just as Comparative Anatomy, Ontogeny, and 
Palwontology afford certain proof that all Vertebrates, 
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whether extinct or extant, are descended from a common 
aneestral form, 0 does the comparative study of the dead 
and living Indo-Germanic language absolutely convince 
tus that all these languages have sprung from a common 
origin. This monophyletic view is unanimously adopted by 
all Linguists of importanes who have studied the question, 
and who aro capable of passing a critical judgment upon it” 
‘The point, however, to which 1 would specially call your . 
attention in this comparison between the various branches, 
on the one hand, of the Indo-Germanio language, and, on the 
other, of the vertebrate tribe, is that the direct descendants 
must never be confounded with the collateral lines, nor the 
extinet with the extant forms This mistake is often 
made, and results in the formation of erroneous notions of 
which our opponents often take advantage in order to 
oppose the whole theory of descont, When, for instance, it 
is said that human beings are descended from Apes, the 
latter from Scmi-apes, and the Semi-apes from Pouched 
Animals (Marswpialia), very many people think only of the 
familiar living species of these different mammalian orders, 
such as are to be found stuffed in our museums Now,our 
opponents attribute this erroneous view to us, and, with 
more craft than judgment, declare the thing impossible; or 
else thoy ask us as a physiological experiment to transform 
‘a Kangaroo into a Scmi-ape, this into a Gorilla, and the 
Gorilla into » Man. Their demand is as childish as the 
conception on which it is founded is erroneous; for all 
these extant forms have varied more or Jess from their 
common parent-form, and none of them are capable of pro- 
ducing the same divergent posterity which were really 
produced thousands of years ago by that parent-forin’® 
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Thore is no doubt that Man is descended from an extinct 
mammalian form, whieh, if we could see it, we should 
certainly class with the Apes It is equally certain that 
this primitive Ape in turn descended from an unknown 
Semi-ape, and the latter from an extinct Pouched Animal 
But then it is beyond a doubt that it is only in respect of 
essential internal strueture, and on account of their similarity 
in the distinctive anatomical characters of the order, that all 
these extinct ancestral forms can be spoken of as membors 
of the yet extant mammalian orders, In external form, in 
generic and specific characters, they must have been more or 
less—perhaps even greatly—ditferent from all living repre- 
sentatives of the orders to which they belonged. For it 
must be accepted as a quite universal and natural fact in 
phylogenetic evolution that the parent-forms themselves, 
with their specific characters, became extinct at a more or 
Jess distant period. Those extant forms which come nearest 
to them, yet differ from them more or less, perhaps even 
yory essentially. Hence in our phylogenetic researches 
and in our comparative view of the still living divergent 
descendants all we can undertake to do is to determine 
how fur the latter depart from the parent-form. We may 
quite confidently msume that no single older parent-form 
has reproduced itself without modification down to our time, 

We find this samo state of things on comparing various 
extinet and living languages, which have sprung from one 
common primitive tongue. If, from this point of view, wo 
examine tho genoalogical tree of the Indo-Germanic 
languages, we may conclude, on @ priori grounds, that all 
the earlier primitive languages, fundamental languages, and 
ancestral languages, from which the living dialects are 
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descended in the first or second degree, have been extinct 
for a longer or shorter period. And this is the ease, The 
Ario-Romanie and the Sclavo-Germanic tongues have long 
boon altogether extinet, as are also the primitive Arian and 
Grwco-Romanic, the Sclavo-Lettic, and primitive Gormanic 
languages. Some even of the languages descended from 
these have also long been dead, and all those of the Indo- 
Germanic branch which are yet extant, are akin only in 
$0 far as they are divergent descendants of common parent- 
forms, Some have diverged from this ancestral form more, 
others less. 

This easily demonstrable fact very well illustrates 
analogous facts in the descent of vertebrate species, Phy- 
logenetic “Comparative Philology,” ax a powerful ally, sup- 
ports phylogenctic “Comparative Zoology.” ‘Cho former can, 
however, adduco far more direct evidence than the latter, 
Because tho paleontological materials of Philology, the 
ancient monuments of extinct tongues, have been far better 
preserved than the palwontological materials of Comparative 
Zoology, the fossil bones of vertebrates The more these 
analogous conditions are considered, the more convincing 
is their force. 

We shall presently find that we ean trace back the 
genealogical line of Man, not only to the lower Mammals, 
but even to the Amphibia, to the shark-like Primitive Fishes, 
and even far below those, to the skull-less Vertebrates allied 
to the Amphioxus, It must be remembered this does not 
mean that the living Amphioxus, Shark, or Amphibian accu- 
rately represent the outward appearance of the parent-forms 
of which wo speak. Still less does it mean that the 
Amphioxus, or the Shark of our day, or any extant, species 
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of Amphibian isan actual parent-form of the higher Ver- 
tebrates and of Man. On the contrary, this important 
assertion must be cloarly understood to mean, that the living 
forma, which have been mentioned, aro side branches, which 
are much more nearly allied, and similar to the extinct 
common paront-forms, than any other known animal forms, 
In their internal eharacteristic structure they remain ao 
similar to the unknown parent-forms, that we should class 
them both im one order, if we had the latter before us in 
a living state, But the direct descendants of the primitive 
forms have never remained unmodified. Hence it is 
quite impossible that among the living species of animals 
we should find the actual ancestors of the human race in 
’ their characteristic specific forms. The essential and charac- 
teristic features, which more or less closely connect living 
forms with the extinct common parent-forms, are to be 
found in the internal structure of the body, not in the 
external specific form. The latter has been much modified 
by adaptation, The former has been more or less retained 
by heredity. 

Comparative Anatomy and Ontogeny indisputably prove 
that Man is a true Vertebrate, so that the special genealo- 
gical line of Man must of course be connected with that of 
all those Vertebrates which are descended from tho same 
common root. Moreover, on many definite grounds, sup- 
plied by Compnrative Anatomy and Ontogeny, we must 
assume only one common origin for all Vertebrates— 
a monophylotic descent. Indeed, if the theory of descent 
is correct, all Vertebrates, Man included, can only have 
descended from a single common parent-form—from a single 
primitive Vertebrate species. The genealogical line of the 
Vertebrates, therefore, ia also that of Man. 
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Our task of ascertaining a pedigree of Man thus widens 
into the more considerable task of constructing the pedigreo 
ofall the Vertebrates. ‘This is connected, as we learned from 
the Comparative Anatomy and Ontogeny of the Amphioxus 
and of the Asecidian, with the pedigree of the Invertebrate 
animals,and directly with that of the Worms, while no con- 
nection can be shown with the gencalogy of the indepen- 
dent tribes of tho Articulated Animals (Arthropoda), Soft- 
bodied Animals (Mollusca), and Star-animals (Hchinoderma), 
As the Ascidian belongs to the Mantled Animals (Tunicate), 
and as this class can only be referred to the great Worm 
trike, we must, aided by Comparative Anatomy and Ontor 
geny, further trace our pedigree down through various stages 
to the lowest forms of Worma. This necessarily brings ns 
to the Gastrea, that most important animal form in which 
wo recognize the simplest conceivable prototype of an animal 
with two gorm-lnyors, ‘The Gastreon iteclf must havo ori- 
ginated from among those lowest of all simple animal forms, 
which are now included by the name of Primitive Animals 
(Protozoa). Among these we have already considered that 
primitive form which possesses most interest for us—the 
one-celled Amba, the peculiar significance of which depends 
@n its resemblance to the human egg-cell. Here we have 
reached the lowest of thoso impregnable points, at. which 
the value of our fundamental Jaw of Biogeny is directly 
found, and at which, from the embryonic evolutionary stage, 
‘we can directly infor the extinct parent-form. The ama@boid 
nature of the young cgg-cell, and the one-cellod condition 
in which cach Man begins his existence as a simple parent 
cell or cytula-cell, justify us in affirming that the oldest 
ancestors of the human race (as of the whole animal 
Kingdom) were simple amoeboid cells. 


= = 
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Here arises another question: *" Whence, in the begin- 
ning of the organic history of the earth, at the commence- 
ment of the Laurentian period, came the earliest Amecbe ?” 
‘To this there is but one reply, Like all one-celled organ- 
isms, the Amecbie have originally developed only from the 
simplest organisins know to us, the Moncra, These Monera, 
which we have already described, are also the simplest con- 
ceivable organisms. Their body has no definite form, and 
is but # particle of primitive slime (plasson)—a little mass 
of living albumen, performing all the essential functions of 
life, and everywhere met with as the material basis of life. 
‘This brings us to the last, or perhaps the first question in 
the history of evolution—the question as to the origin of 
the Monera, And this is the momentous question as to the 
prime origin of life—the question of spontaneous generation 
(generatio spontanea or eequivoca). 

We have neither time, nor indeed have we any occasion, 
to discuss at longth the weighty question of spontaneous 
generation. On this subject I must refer you to my 
© History of Creation,” and, especially, to tho socond book 
of the Generelle Morphologic, and to the discussion on 
Monera and spontancous generation in my “Studien iiber 
Moneren und andere Protista.”** I have there stated 
my own views on this important subject in very great 
detail. Here I will only say o few words on the ob- 
scure question as to the first origin of life, and will answer 
it so far as it concerns our radical conception of the 
history of organic evolution. In the dofinite, limited 
sonse in which T maintain spontaneous generation (gene- 
ratio sponfanea) and assume it as a nocessary hypo- 
thesis in oxplanation of the first beginning of life upon 
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the earth, it merely implics the origin of Monocra from 
inorganie carbon compounds. When animated bodies first 
appeared on our planet, previously without life, there must, 
in the first place, have been formed, by a process purely 
chemical, from purely inorganic carbon combinations, that 
very complex nitrogenized earbon compound which we eall 
plasson, or“ primitive slime,” and which is the oldest matovial 
aubetance in which all vital activities are embodied In 
the lowest depths of tho sea such homogeneous amorphous 
protoplast probably still lives, in its simplest character, under 
the name of Bathybius. Each individual living particle 
of this structureless mass is called a Moneron. The oldest 
Monem originated in the sea by spontaneous generation, 














just as crystals form in the matrix. This assumption is 
required by the demand of the human understanding for 
¢ausality. For when, on the one hand, we reflect that the 
whole inorganic history of the earth proceeds in accordance 
with mochonical laws and without any intervention by 








ereative power, and when, on the other hand, we consider 
that the entire organic history of the world is also de- 
termined by similar mechanical la 
supernatural inte by w creative power is needed for 
the production of the various organisms, then it is certainly 
quite inconsistent to assume such supernatural creative 
interference for the first production of life upon our globe. 
At all events wo, as investigators of nature, are bound 
at least to attempt o natural explanation 

At present, the much agitated question of spontancous 
@eeration appears very intricate, because a large number 
of very different, and in part quite absurd, conceptions are 


when we see that no 
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included under the term “spontancous generation,” and 
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because some have supposed that the problem could be 
solved by means of the crudest experiments. The doctrine 
of spontaneous generation cannot be experimentally refuted. 
For each experiment with a negative result merely proves 
that under the conditions (nlways very artificial) supplied by 
us, no organisra has boen produced from inorganie combina- 
tiona. Neithor can the theory of spontancous generation 
bo experimentally proved unless great difficulties are over: 
come ; and even if in our own time Monera were produced 
daily by spontancous gencration—os ie very possible—yet 
the absolute empiric proof of this fact would be extremely 





difficult—indeed, in most cases impossible. He, however, 
who does not assume a spontaneous generation of Monera, 
in the sense here indicated, to explain the first origin of life 
upon our earth, has no other resource but to beliove in a 
supernatural miracle; and this, in fact, is the questionable 
standpoint still taken by many so-called “exact naturalists,” 
who thus renounce their own reason. 

Sir William Thomson has indeed tried to avoid the 
necessary hypothesis of spontaneous generation by assuming 
that the organic inhabitants of our earth originally de- 
scended from gorms which proceeded from the inhabitants 
of other planets, and which, with fragments of the latter, 
with moteorites, accidentally fell on to the earth. This 
hypothesis has met with much applauee, and was even 
supported by Holmholtz, Friedorich Zoellner, an acute 
physicist, has, however, refuted it in his excellent natural- 
philosophical work “Ueber die Natur der Cometen,” a 
critical book containing most valuable contributions to the 
history and theory of knowledge” Zoellner has plainly 
shown that the hypothesis is unscientific in two respecls— 








MONEMA ALONE PRODUCED BY SPONTANEOUS GENERATION. 33 


firstly, in point of logie, and seeondly, in its scientific tenor 
(p. xxvi). At the snme time he rightly shows that the 
hypothesis of spontancous generation, in the sense which 
we havo defined, is tho "condition necossary to the conceiv- 
ability of nature in accordance with the laws of causality.” 
Tn conclusion, I repeat, with emphasis, that it is only in 
the case of Monera—of structurcless organiams without 








organs—that we can assume the hypothesis of spontaneous 
generation, Every differentiated organism, 
composed of organs, can only have 
undifferentiated Iower organism by di 
parts, and consequently by Phylogeny. Henee, even in the 
production of the simplest cell w 
cess of spontaneous generation, For oven the simplest cell 


y organism 





originated from an 








ation of 





en 











must not assume the pro- 


consists of at least two distinct constituent parte; the 
inner and firmer kernel (nucleus), and the outer and 
softer cell-substanee or protoplasm. 





se two distinct 





parts can only have come into being by differentiation of 
the homogeneous plasson of a moneron and of a eytod. It 


is for this very reason that the natural history of Monera is 
of the highest interest ; for it alone can remove the principal 
difficulties which besot the question of spontaneous genera- 
tion, ‘The extant Monera do afford us organless and strue 
tureless organisins, such as must have originated by spon- 
tancous generation at the first beginning of organic I 
upon the earth. 
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Relation of the Gonornl Inductive Law of the ‘Theory of Descent ta the 
Spocial Deductive Lawe of tho Hypotheses of Descent —Inconpilotaness 
of tho Throo Groat Reconls of Creation: Paleontology, Ontogeny, and 
Comparative Anntomy:—Unequal Certainty of the Various Spocinl 
Hypotheses of Descest—The Ancosteal Lino of Men in Twenty-two 
Stays: Eight Invertebrate and Fourteen Vertebrate Ancestors. —Dinttl- 
ation of theao Twonty.two Parent-forme in the Five Main Divisions of 
tho Orgunio History of tho Karth,—Firat Anccatrel Stago ; Monora— 
The Structureless and Homogencous Plasson of tho Monera.—Differen. 
tintion of the Plasson into Nucleas, and the Protoplaan of the Cells.— 
Cytods anil Cells ax Two Difforont Plastid-forms.—Vital Phenomena 
of Moners.—Organiams withont Orgons—-Second Ancestral Stago 5 
Amciten,—Ono.colled Primitivo Animale of the Simplogt and moat Un. 
difforontinted Nature. —The Amabold Kyu.cells—Tho Kgw in Older than 
the Hon—Third Ancosiml Stage : Syp-Amaba, Ontogenetically repro 
ood in the Morala.—A Community of Homogoncona Amaxboid Cella. 
Fourth Ancestral Stago: Planwa, Ontogenctically. reproduced in the 
Blstula of Planulan—Fifch Ancestral Stage: Gastrma, Ontogonotically 
roproduced in the Gasteula and the Two-layorod Germ.dise.—Origin of 
the Gastrwa by Inversion ({nvaginatio) of the Flanwa.—Haliphysema 
and Gastrophysema,—Extant Gastewails 


























“Now, very probably, if tho course of oyolution proves to be eo very 
siuplo, it will be thought that tho whole mattor ix rolf-ovidont, and that 
reaoarch is harlly required to oxtablish it, Dut the story of bus eed 
the ogy ia daily repeated ; and it is necessary lo perform the experitnent 
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foronc's elf, How slowly progress Is mado in the knowledge even of eolf- 
‘nyidont matter, especially when rnspectable authorities disageoo, T myself 
have osporienced woMiciently.”—Kamt. Kaxsy Bane (L828). 

Goren by the fundamental nw of Biogeny and by the 
sure records of creation, we now tum to the interesting 
task of examining the animal parent-forms of the human 
race in their proper sequence. To ensure accuracy, we 
must first become acquainted with the various mental 
operations which we shall apply in this nataral-philosopbical 
research. These operitions are partly of an inductive, 
partly of -a deductive nature; partly conclusions from 
humerous particular experiences to a general law ; partly 
condlusions from. this general law back to particular ex 
periences. 

‘Tribal history as a whole is an inductive science; for 
the whole theory of descent, as an indispensable and most, 
‘essential part of the whole thoory of evolution, is entirely 
founded on inductions, From all the biological incidents in 
plant life, in animal life, and in human life, we haye derived 
the certain inductive conception that the whole of the or- 
ganic inhabitants of our globe originated in accordance with 
‘one single law of evolution. To this law of evolution, La- 
marek, Darwin, and their successors gave definite form in 
the theory of descent, All the interesting phenomena ex- 
hibited by Ontogeny, Palmontology, Comparative Anatomy, 
Dysteleolozy, Chorology, the CEkelogy af organiamns, all the 
- important general laws, which we infer from multitudinous 
ena of these different sciences, and which are most 
tely connected together, are the broad inductive 
from which is drawn the most extensive inductive 
of Biology. Because the innate connection between all 
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these infinitely various groups of phenomona in those dif- 
ferent, departinents becomes explicable and comprehensible 
solely through tho theory of descent, therefore this theory 
of evolution must be regarded as an extensive inductive 
law. If we now really apply this inductive law, and with 
its help seck to discover the descent of individual onganie 
species, we must necessarily form phylogenetic hypotheses, 
which are of an essentially deductive nature, and which are 
inferences from the general theory of descent back to indi- 
vidual particular cases. These special deductive conclusions 
ave, however, in accordance with the inexorable laws of 
Logic, as justifiable, as necessary, and as indispensable in 
our department of knowledge as the general inductive 
conclusions of which the whole theory of evolution is 
formed. The doctrine of the animal parent-forms of man- 
kind is al.o a special deductive law of this kind, which is 
the logical conclusion from the goneral inductive law of the 
theory of descent. 

As is now very generally acknowledged, both by the 
adherents of and the opponents of tho theory of descent, 
the choico, in the matter of the origin of the human race, 
lies botweon two radically different assumptions: We must 
either accustom ourselves to the idea that all the various 
species of animals and plants, Man also included, ori- 
ntly of cach other by the supe 








ginated indepe 
process of a divine “creation,” which as such is entirely 
removed from the sphere of scientifie obse: ervation—or we 
are compelled to accept the theory of descent in its on 
and trace the human race, equally with the various animal 
and plant species, from an entirely simple primmval parent- 
form. Between these two assumptions there ia no third 
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eure. Either a blind belief in creation, or a scientific 
theory of evolution. By assuming the latter, and this is the 
only possible natoral-scientitic conception of the universe, 
we aro enabled, with the help of Comparative Anatomy and 
Ontogeny, to recognize the human ancestral line with o 
tertain approximate degree of certainty, just as is more or 
les the caso with respect to all other organisms, Our 
previous study of the Comparative Anatomy and Ontogeny 
of Man, and of other Vertebrates, has made it quite clear 
that we must first seek the pedigree of mankind in that of 
the vertebrate tribe. There can be no doubt that (if the 
theory of descent is correct) Man has developed as a true 
Vertebrate, and that he originated from one and the same 
eommon parent-form with all other Vertebrates. This 
special deduction must be regarded as quite certain, correet- 
ness of the inductive law of the theory of descent being of 
course first granted. No single adherent of the latter can 
‘tant deductive conclusion, 





raise x doubt about this imp 
We can, moreover, name a series of different forms of the 
vertebrate tribe, which may be safely regarded as the repro- 
sentatives of diff 
evolution, or as different memb 
line. We can also prove with equal certainty that the 
vertebrate tribe as a whole originated from a group of low 





rent successive phylogenctic stages of 
ers of the human ancestral 














invertebrate animal forms; and among these we can again 
with moro or less certainty recognize a scries of members 


of the ancestral chain 

We must, however, at once expressly say that: the cer- 
tainty of the different hypotheses of descent, which are 
founded entirely on special deductive inferences, is very 
Wnequal. Several of these conclusions are already fully 
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established ; others, on the contrary, are most doubtful; in 
yet others, it depends upon the subjective proportion of the 
knowledge of the naturalist and on his capability of draw~ 
ing conelusions, what degree of probability bo will necord 
to them. It is, at all ovents, nocessary thoroughly to dis- 
tinguish between the absolute certainty of the general 
(inductive) theory of descent, and the relative certainty of 
the special (deductive) hypothesis of descent. We ean 
never in any case prove the whole ancestral line of an- 
costors of an organisin with the same certainty with which 
we regard the theory of descent as the only seientifie expla- 
nation of the organic forms, On the contrary, the special 
proof of all separate parent-forms must alwaye remain 
more or less incomplete and hypothetical. That is quite 





natural, For all the records of creation upon which we 
rely aro in w grent mensure incomplete, and will always 
remain incomplete; just aa in the case of Comparative 
Philology. 

Above all, Paleontology, the most ancient of all records 
of creation, is in the highest degree incompfete. We know 
that all the petrifications with which we are acquainted 
form but an insignificantly small fragment of the whole 
number of animal forme and plant forms whieh have ever 
existed. For cach extinct species obtained by us ina petrified 
condition, there are at least a bundred, probably thousands 
of extinet species which have left no trace of their existence, 
This extreme and most deplorable defectiveness of the palwon- 
tological record of creation, upon which it is impossible to 
insist too strongly, is very easily accounted for. The very 
conditions under which organic remains become petrified 
necessitate it, It is also partly explicable as the result of 
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‘an imperfect knowledge in this department. It must be 
remembered, that far the greater proportion of the rock 
strata which constitute the mountain masses of the surfuee 
‘of the earth is not yet unfolded to us, Of the count- 
less petrifications which are hidden in the huge moun- 
tain chuins of Asia and Africa, we know but a few small 
samples. Part of Europe and of North America has alone 
been more minutely explored, ‘The whole of the petri- 
factions accurately known and in our collections do not 
amount to a hundredth part of those which really exist in 
the crust of the earth. In this respect we may, therefore, 
expect a rich harvest of discoveries in the future But, in 
spite of this, the palwontologien! recont of creation (for 
reasons which I have amply explained in Chapter XV. of 
my “Natural History of Creation”) will always remain 
extremely incomplete. 

Not less incomplete is the second, most important record 
of crention, that of Ontogeny. For the Phylogeny of the 
individual it is the most important of all. Yet, it also has 
its great defects, and often leaves us in the lurch. In this 
matter, we must distinguish quite clearly between palin- 
genotic and kenogenctic phenomena, between the original, 
inherited evolution and the later, vitiated evolution, We 
must never forget that the laws of abridged and vitiated 
heredity frequently disguise the original course of evolution 
Veyond recognition. The reproduction of the Phylogeny 
in the Ontogeny is but rarely tolerably complete. The 
earliest and most important stages of germ-history are 
usually the most abridged and compressed. The youthful 
evolutionary forms have in turn often adapted themselves 
to pew conditions, and have thus been modified The 


i 
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struggle for existence has excited an equally strong modify- 
ing inflience upon the various independent and yet un- 
developed young forms, a3 upon the developed and mature 
forms, Therefore, in the Ontogeny of the higher animal 
forms, the Phylogony has beon very greatly limited by Keno- 
genesis ; a8 a rule, only a blurred and much vitiated picture 
of the original course of evolution of thoir ancestors now 
lies before us in the Ontogeny. Only with great precaution 
and judgment dare we infer the tribal history directly from 
the germ-histary. Moreover, the germ-history itself is 
known to us only in the ease of very few species 

Lastly, the highly important record of creation afforded 
by Comparative Anatomy is unfortunately very incomplete, 
and for the simple reagon, that the numbor of extant 
animal species forms but a very small fragment of the 
whole number of different animal forms that have existed 
from the beginning of the organic history of the world to 
the present time. The total sum of the latter may safely 
be estimated at several millions, The number of those 








animals the onganization of which has at present boon 
investigated by Comparative Anatomy is very small in pro- 
portion. The more extended investigations of the future 
will, here also, open up unexpected treasures, 

In view of this evident and natural incompleteness of 
the most important records of creation, we must of course 
take good care, in the tribal history of ¥ 
great 
certainty to consider all the stages of evolution which come 





n, not to lay too 
ight on single known animal forms, nor with equal 





under our consideration, ax parent-forms, On the contrary, 
in hypothotically arranging our ancestral line, we must 
take good care to remember that the single hypothetical 


f a 
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parent-forms are of very diverse values in relation to the 
certainty of our knowledge. From the few remarks which, 
while speaking of the Ontogeny, we made as to the corre- 
sponding: phylogenctic forms, it will have been understood 
that some germ-forms may with eertainty be regarded as 
reproductions of corresponding ‘parent-forms. We reeog- 
nized the human egg-cell and the parent-cell which results 
from the impregnation of the Iatter as the first and moat 
important form of this kind, 

From the weighty fact that the egg of the human being, 
like the egg of all other animals, is a simple cell, it may be 
quite certainly inferred that a one-celled parent-form once 
existed, from which all the many-celled animals, Man in- 
cluded, developed. 

A second very significant germ-form, which evidently 
reproduces a primeval parent-form, is the gevm-vesiele 
(Blastula), a simple lollow sphere, the wall of which con- 
sists of a single cell-stratum. A third extremely import- 
ant form in gorm-history, which may be quite safely and 
diroctly roforred back to the tribal history, is the trac Gas- 
trula. This most interesting larval form alrendy exhibits 
the animal body composed of two germ-layers, und fur- 
nished with the fundamental primitive organ, the intestinal 
eanal. Now, as tho samo two-layered germ-condition, with 
the primitive rudiment of the intestinal canal, is common to 
‘all the other animal tribes (with the single exeeption of the 
Primitive Animals, Protozoa), we may cortainly from this 
infer a common parent-form of similar construction to the 
Gostrula, the Gastrsa, Equally important in their bearing 
on the Phylogeny of Man, are the very important ontoge- 
‘netical form conditions which correspond to certain Worms, 
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Skull-less Animals (Acrania). Fishes, ete., ctc. On the other 
hand, between these quite certain and most valuable phylo- 
genetic points, great gaps in our knowledge unfortunately ” 
exist, with which we shall again and again meet, and which 
are satisfactorily explained by reasons which have already 
boon named, especially by the incompleteness of Palwon- 
tology, of Comparative Anatomy, and Ontogeny. 

In the first attempts to construct the human ancestral 
line, which I made in my Generelle Morphologic, and in 
the “Natural History of Creation,” I arranged first ten, 
and, later, twenty-two different animal forms, which, with 
mors or lens certainty, may be regarded as the animal an- 
costors of the human race, and which must be looked upon 
as in a sense the most important stages of evolution in 
the long evolutionary series from the one-celled organisms 
up to Man™ OF these twenty to twenty-two animal forms, 
about eight fall within the older division of the Inverte- 
brates, while twelve to fourteen belong to the more recent 
Vertebrate division, How these twenty-two most important 
parent-forms in the human ancestral line are distributed 
through the five main. periods of the organic history of the 
earth, is shown in the following Table XVI). At least half 
svolution (that is, the eleven 








of these twenty-two stage 
oldest ancestral forms) are found within the Archilithie 
Epoch, within that first main period of the organic history of 
the earth, which includes the larger half of the latter, and 
during which probably only aquatic organisins existed. The 
cloven remaining parent-forms fall within the four remaining 
main Epoch: three within the Paleolithic Epoch, threo 

” within the Mesolithic Epoch, and four within the Cumolithic 
Epoch. In the last, the Anthropolithic Age, Man already 
existed. 
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If we would now undertake the difficult attempt to dis- 
cover the phylogenetic course of evolution of these twenty- 
two human ancestral stages from the very commencement of 
life, and if we venture to lift the dark veil which covers the 
oldest secrets of the organic history of the earth, we must 
undoubtedly seck the first beginning of life among those 
wonderful living beings which, under the name of Monera, we 
have already frequently pointed out as the simplest known 
organisina. They are, at the same time, the simplest 








conceivable organises; for their entire body, in its fully 
deyeloped and freely moving condition, consists. merely 
of a small picco of structureless primitive slime or plasson, 
of a small fragment of that extraordinarily important nitro- 
genous carbon compound, which is now universally esteemed 
the mest important material substratum of all the active 
phenomena of life, The experiences of the last ten years 
particularly have convinced us with more and more cer- 
tainty that wherever a natural body exhibits the active 
phenomens of life, nutrition, propagation, spontaneous 











movement, and sensation, a nitrogenous carbon compound, 
belonging to the chemical group of albuminous bodies, is 
always active, and represents the material substance through 
which these vital activities are effected. Whother, in a 
monistic sense, we conceive the function as the direct effect 
of the formed material substance, or, in a dualistic sense, we 
regard “ Matter and Foree” as distinct, it is at least certain 





ism has been observed in which 









ivities was not inseparably eonnected 





with a plasson-body. Tn the Monera, the simplest. con 
Goivabile organisms, the whole body consists merely of plasson, 
corresponding to the “primitive slime” of earlier natural 
philosophy 
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TABLE XVI. 


Systeanatic Sarroy of tho most Important Stages in the Animal 


Aucestenl Line of Man. 
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The soft slimelike plason-substanee of the body of the 
Monoron is commonly called " protoplasa," and identified 
with the cell-substance of ordinary animal and plant cells. 
in his excellent work 





‘As, however, Eduard van Benede 
upon the Gregarins, first clearly pointed out, we must, 
strictly speaking, distinguish thoroughly between the 
plasson of cytoda and the protoplasm of cella This dis 
tinetion is of special importance in its bearing on the history 
of evolution, As was before incidentally mentioned, we 
must assume two different stages of evolution in those ele- 
mentary organisms, which, as formative particles or plastids, 
represent organic individuality of the first onder, The older 
and lower stage is that of the cytods. in which the whole body 
consists of but one kind of albuminous substance, of th 
simplest plasson or formative material. The more recent 











and higher stage is that of cells, in which a separation or 
differentiation of the original plasson into two diffcrent 
kinds of albuminous substances, into the inner cell-kernel 
(nucleus), and the outer cell-substance (profoplasma), has 
already taken place. 

The Monera are the simplest permanent cytods. Their 
entire body consists merely of soft, structureless plasson, 
However thoroughly wo examine them with the help of 
the most delicate chemical reagents and the etrongest optical 
instruments, we yet find that all the parts are completely 
homogeneous. These Moncra are, therefore, in the strictest 
senso of the word, “organisms without organs;" or even, in 
aastrictly philosophical sense, they might not even be called 
“organisms,” since they possess no organs, since th 
not composed of various particles. They ean only be called 








y are 


organiwns, in so far ay they are eapable of exereising the 
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organic phenomena of life, of nutrition, reproduction, sensn- 

tion, and movement. If we tried to construet, & priori, the” 
simplest conceivable organism, we should always be com- 

pelled to fall back upon such a Monera, 

Although in all real Moncra the body consists merely 
of such a small living piece of plasson, yet, among thé 
Monera, which have been observed in the sea and in 
fresh water, we have been able to distinguish several dif- 
ferent genera and species, varying in the mode in which their 
tiny bodies move and reproduce. In the ways in which 
movement is accomplished very noticeable differences exist, 











—A Monoron (Protamaba) in the act of rvprodnction » 4, the 
whole Moneron, which moros,like the ordinary Amcebo, by means of variable 
processes; JJ, m contraction round its eiremmferonoe parts it into two halves ; 
©, the two halves separate, and each new forms an independent individual 
(inuch.eninrgod) 





In some Monera, especially in the Protameeba (Hig. 168), 
the formless body, during its movements, invariably de- 
yelops only a few, short, and blunt processes, which project 
like fingers, slowly altering their fonn and size, but never 
branching. In other Monera, on the other hand (eg, 
Protomya, Myzastrum), very numerous, lon 
genorally thread-Ii 





, fine, and 
0 processes arise from the surface of 








the movable body, and’ these branch irregularly, inter- 
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| twining their free moving ends, so as to form ane. Huge 
| massea of such slime-nets ernwl upon the deepest bottom 
of tho sen (Bathybius, Fig. 164). Within these eof alime- 
‘like plasson-nets slow currents continually pase, Such a 
“Moneron may be fed with finely pulverized colouring 
| matter (for instance, carmine or indigo powder), if this 
| powder is scattered in the drop of water under the micro- 
seope, in which the Moneron is contained. The grains 
of colouring matter st first adhere to the surface of the 
| slimy body, and then gradually penetrate, and are driven 
about in irregular directions, The separate smallest par- 
ticles, or molecules, of the Moneron-body, called “ plas- 
tidules,” displace each other, change their relative 
positions, and thus effect a change in the position of the 
absorbed particles of colouring matter. This change of 
Position, at the same time, proves positively that « hidden 
delicate structure does not exist. It might be angued that 
the Monera are not rally structureless, but that their 
organization is so minute that, in consequence of the in- 
adequate power of our magnifying glasses, it ix invisible, 
‘This objection is, however, invalid, for by the experiment 
of feeding, we can, at any moment, prove the entrance of 
forsign, formed, small bodies into the diftorent parts of the 
‘body of the Moncron, and that these are irregularly driven 
about in all directions. At the satne time we see that the 
changeable network of threads, formed by the branching 
of the protoplasmic threads and the coalescence of the con- 
‘fluent branches, alter their configuration every moment; 
ws has long been known to occur in the thread-nets 
F the protoplasm in the interior of the plant-cells, ‘The 
are, therefore, really homogeneous and structureless; 
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cach part of the body is every other part. Each part can 
absorb and digest nourishment; each part is oxcitable and 
sensitive; each part can move itself independently ; and 
lastly, cach part is capable of reproduction and regencra- 
tion. 

The reproduction of Monera always occurs asexually. 
Tn the Protamesba (Fig. 168), each individual, after it 
has grown to a certain size, simply separates into two 
pioces. Round the circumference of the body a contraction 
arises, as in cell-division. The connection between the two 
halves continually beeomes more slender (B), and finally 
parts in tho middle, Thus, in the simplest possible way, 
two new individuals proceed by self-division from ono 
quite simple individual (@), Otter Monera, after they have 
grown to a certain size, gather themselves together into a 
spherical form. The globular protoplasmic body exudes 
a jelly-like protecting envelope, and a breaking-up of the 
wholo plasson-ball takes plac 
breaks either into four pieces (Vampyrell), or into a 
Jarge number of smaller globules (Protomonas, Protomyza ; 
cf. Plato I, in the “Natural History of Creation”). After 
n time, these globules begin to move, split the integument 
by their movement, and emenge; after which they float 








within this covering ; it 





about by means of a long, thin, thread-shaped process 
Ench ngnin posses by simple growth into the mature form. 
Thus, it is possible to distinguish different genera and 
species of Monera, on one hand, by the form of the different 
processes of the body, and, on the other hand, by the 
different kind and manner of reproduction, In the appendix 
to my monograph of the Monera I enumerated eight genera 
and sixteen species (Biol. Studien,’ vol. i p. 182). The 
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inost remarkable of all Monera is the Bathybius, which was 
discovered by Huxley in 1868 (Fig. 164). This wonderful 
Moneron lives in the deepest parts of the sea, especially in 





Fia, 164—Bathybius Uwckelli (Huxley)s A small plece of the formieas 
and continually changing plasson-not of this Moneron from the Atiantio 
Oscan. 


the Atlantic Ocean, and in places covers the whole floor 
of the sea in such masses, that the fine mud on the Jatter 
consists, in great monsuro, of living slime, The protoplasm 
im those formless nots does not scem differentiated at 
all; each little piece is capable of forming an individual. 
‘The active amcboid movements of these formless pieces of 
—— plasson, which we: 
Gurpenter and Wyvillo Thomson, have recently been again 
observed by the German Arctic voyager, Emil Bessels, in 
the Bathybius of the coast. of Greenland” 
The origin and importance of these huge masses of 
living, formless plasson-bodies in the lowest depths of the 






first observed by the English zoologists 
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sea, raises many different inquiries and thoughts, Spon- 
tancous generation, especially, is naturally suggested 
Bathybius. We have already found that, for the origin of 
first Monera upon our globe, the assumption of 

generation is a necessary hypothesis. We shall be all the 
more inclined to confirm it now that, in the Moncra, we have 
recognized those simplest organisms, the origin of whieh 
by spontancous generation, in the present condition of our 
science, no longer involves very great difficulties For the 
Monera actually stand on the very boundary between 
organic and inorganic natural bodies.* 

Next. to the simple eytod-bodies of the Monera, as the 
second ancestral stage in the human pedigree (as in that of 
all other animals), comes the simple cell, that most unditferan— 
tinted cell-form, which, at the present timo, still leads an 
independent solitary life, as the Amoeba For the first and 
oldest process of organic differentiation, which affected the 
homogeneous and structureless plasson-body of the Monera, 
caused the separation of the latter into two different sibs 
stances; an inner firmer substance, the Kernel, or “lelallam 
and an outer, softer substance, the cell-substance, oF 
protoplasma, By this extremely important separative pra 
cess, by the difforentiation of the plasson into nucleus and 
protoplasm, the organized cell originated from the strueture- 
loas cytod, the nugleolated from the non-nucleolated plastid, 
‘That the colls which first appeared upon the carth origin- 
ated in this manner, by the differentiation of the Monera, is 
a eonception which in the present condition of histological 
knowledge seems quite allowable; for we can even yet 
directly observe this oldest histological process of differs 
entiation in Ontogeny. It will be remembered that in the 
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egg-cell of animals, either before or after fertilization, the 
original kernel disappeared. We explained this phenomenon 
85 4 reversion or atavism, and assumed that the egg-cell, 
in accordance with the law of latent heredity, first falls 
back into the kernel-less, cytod stage (Fig. 165), It is only 
after fertilization is accomplished that a new cell-kernel 
arises in this cytod, which thus becomes the parent-cell 
(Cytwa, Fig. 166). The transitory kernel-less eytod-con- 
dition, intermediate between the egg-cell and the parent- 
cell, 18 an intoresting germ-form, because, in accordance 
with the fundamental law of Biogony, it reproduces the 
original, oldest parent-form of the Moneron; we therefore 
call it the Monerula, (Cf. vol. i. pp. 178-183.) 





Pie. 165.—Monerala of Mammal (Rabbit), The fertilized ege-coll after 
the loss of the nuclous ix a simple ball of protopiaars (d). The outer covering 
of the latter fe formed by the modified sona pellucida (s) together with 
‘Bamcous layer (h) xecrvied on to the outside of the Intter. In thisa fow 
‘nperm-colls are still visible (9), 

Fis, 166.—Parmnt.cel! (Cytula) of a Mammal (Rabbit): , parents 
Kemal; , nucleolus of tho latter; yp, protopinan of the parentcell; 5 
Modified ena pellucida ; 4, xporm-cells ; h, onter albuminoua covering. 
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We havo already explained the one-celled germ-form, 
which we see in the original ege-cell and the parent-cell 
which is originated by the fertilization of the egg-cell, as 
the reproduction of n one-celled parent-form, to which we 
ascribed the organization of an Amoeba (cf. Chap. VL). For 
the Amoeba, as it yet lives widely distributed in the fresh 
and salt waters of the globe, must be regarded as the most 
undifferentiated and most original of the various one-celled 
Primitivo Animals, As the immature primitive egg-cells 
(which as “primitive eggs” or Protova are found in the 
ovary of animals) are indistinguishable from ordinary 
Amosbos, we aro justified in pointing to the Amba as the 
ono-celled phylogenctie form, which, in accordance with the 
fundamental law of Biogeny, is at the present time yet 
reproduced in the ontogenetic primitive condition of the 
“Amosboid egg-cell.” As evidence of the striking cor- 
respondence of the two cells, it was incidentally men- 
tioned that in the case of some Sponges the real eggs of 
these animals were formerly described ag parasitie Amasbhw. 
Largo ono-celled Ameeba-like organisms were seen creeping 
about in the interior of the Sponge, and were mistaken for 
parasites, It wns only afterwards that it was discovered 
that these “ parasitic Amecba" (Fig. 168) are really the eggs 
of the Sponge, from which the young Sponges develop. 
These egg-eells of the Sponge are, however, so like the 
true common Ame:bw (Fig, 167) in size and stracture, in 
the nature of their nuclei and in the characteristic form of 
movement of their continually changing false-feet (pseudo- 
podia), that, unless their source is known, it is impossible 
to distinguish them, 

This phylogenctic explanation of the egg-cell and its 
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reference to the primeval ancestral form of the Amoba, 
directly enables us togive a definite answer to the old hu- 
morous riddle: Which was first, the egg or the hen? Wecan 





Fro, 107,—A crawling Amba (uch enlosyed), The whole organixes bas 
‘the ferm-value of « simple naked coll and moves abont by means of change- 
able preoesies, which aro extended from the protoplaxmio body and agnin 
drawn in. I the inside is the brightolousod, roundish cell-koruel or 
nuclons. 


Pig. 168,—Fixeeell of a Chalk-Sponge (Olynthus). ‘The ema-cell creeps 
about in the body of the Sponge by extending variable proceasns, like those 
‘of tho ordinary Ameta, 


now very simply answer this Sphinx-question, with which 
‘our opponents try to shake or even to refute the Theory of 
Evolution The egy existed much earlier than the hen. Of 
course it did not exist in the form of a bird's egg, but as an 
‘undifferentiated amcboid cell of the simplest form, The 
‘egy existed independently during thousands of years as a 
simplest one-celled organism, as the Amocba. It was only 
‘after the descendants of these one-celled Primitive Animals 
had developed into many-celled animal forms, and after 
these had sexually differentiated, that the egg, in the present 
‘physiological sense of the word, originated from the amos 
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boid cell. Even then, the egg was first a Gastrwa-egy, then 
a Worm-ogg, then an Acrania-egy, then a Fish-egg, an Am- 
phibian-ogg, a Reptile-egg, and lastly, a Bird-egg. The egy 
of the Bird, as it now is, is a most complex historical pro- 
duct, the result of countless processes of heredity, which 
have occurred in the course of many millions of years 

The fact that this primitive oge-forr, as it dirst appears 
in the ovary of the most dissimilar animals, is always of 
one form, an undifferentiated cell, of the simplest amesboid 
character, has already been pointed out as an especially 
important phenomenon. In this earliest young condition, 
immediately after the individual egg-cell has originated in 
consequence of a separation of the cells of the maternal 
ovary, no essential difference is recognizable in the egg-cells 
of the most dissimilaranimals, (Cf, Fig.10, voli. p.134) It 
is not till later, when the primitive egg-cells, or the primitive 
eggs (protova), have absorbed different kinds of nutritive 
yelk, and have surrounded themselves with variously formed 
coverings, and in other ways differentiatod—it is not till 
they have in this way changed into after-eggs (metova), 
that those of different classes of animals can usually be 
distinguished, These peculiarities of the developed after- 
egg, the mature egg, aro naturally to be considered as only 
socondarily acquired, by adaptation to the different con- 
ditions of existence both of the egg itself and of the animal 
which forms the egy. 

The two first and oldest ancestral forms of the human 
race, Which we have now considered, the Moneron and the 
Amotba, are, considered from a morphological point of view, 
simple organisms and individuals of the first order, Plastida 
All subsequent stages in the ancestral chain are, on the 
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‘other hand, compound onganisms or individuals of higher 
order—social aggregations of a number of cells. The 
earliest of these, which, under the name of Synamcebe, 
we must rank as the third stage of our pedigree, are quite 
simple societies of all homegencous undifferentiated cells ; 
amebeid communities, To be certain as to their nature 
and origin, we need only trace the ontogenetic product of 
the parent-cell step by step. After the cytula (Fig. 166) 
has originated, by the re-formation of a cell-kernel, from 





Fro. 180 —Original or primordial exg-cleavage, The porent-cell, or 
oytula, which resulted from the fertitization of the egs-coll, Grat be 
hy o continaons and regular process of division, into two cells (4). 0 
Tour (7), then inte eight (C), and, lostly, into rery na 
colle (D). 









the Morula (Fig. 165), tho parent-cell breaks up, by repeated 
division, into numerous cella. We have already minutely 
examined this important process of 
egg-cleavage, and have found that all 
the various modes of the latter are 
modifications of a single mode, that 
of original or primordial cleavage 
(Cf Chap. VIIL, p. 188) In the Vor- 
tebrate line this palingenetic form of 
egy-cleavage has been accurately re- 
26 





io, 170.—Mulboerr= 
garm, or morula. 
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tained to the present time only by the Amphioxus, while 
all other Vertebrates have assumed a modified kenogenetic 
form of cleavage. (Cf. Table TIL, vol. ip. 241.) The latter 
certainly originated at a later period than the former, and 
the egg-cleavage of the Amphioxus is, therefore, extremely 
interesting (vol. i p, 442). In this the parent-cell first 
parts into two similar cells, the two first cleavage-cells 
(Fig. 169, A). From these, by continuous division, arise 
4, 8, 16, 82, 64 cells, ete, ote. (Fig. 169). The final result of 
this primordial cleavage was, we found, the formation of a 
globular mass af cells, which was entirely composed of homo-~ 
geneous, undifferentiated cells of the simplest character 
(Figs. 170, and 171, 4), On account of ‘the resemblance 
which this globular mage of cells bears to a mulberry or 
blackberry, we called it the “mulberry-germ,” or morula. 
This “morula” evidently at the present day shows us 
the many-celled animal body in the same entirely simple 
primitive condition in which, in the earlier Laurentian 
primitive epoch, it first originated from the one-celled 
amaboid primitive animal form. The morula reproduces, 
in accordance with the fundamental law of Biogeny, the 
anceatral form of the Synameba. For the first cell-com- 
munities, which then formed, and which laid the first 
foundation of the higher many-celled animal body, must 
have consisted entirely of homogeneous and quite simple 
ameboid cells. The earliest Amoebie lived isolated hermit 
lives, and the amoboid cell, which originated from the 
division of these one-celled organisms, must also have long 
lived isolated and self-dependent lives. Gradually, however, 
by the side of these one-celled Primitive Animals, small 
amoeboid communities arose, owing to the fact that the 





GERMINATION OF A CORAL, 
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P16, 171.—Germination of a coral (Monanenia Darwinii)) A, meneralo ; 
B, parwat.coll (eytula)) C, two olearage-celle; D,four clearage.celle; F, 
mulberry-cerm (morula) ; F, vesicular germ (blostulo); G, veeicular germ 
in section; 1, infolded vesicular germ in section ; Z, gastrula in longita. 
inal section; X, gaatrola, or enp.germ, keon from the outside, 


kindred cells which originnted through division remained 
united. The advantages which these first cell-societies had 
in the struggle for existence over the solitary hermit cell 
must have favoured their progression, and have encouraged 
furthor devolopment, Yet even nt the present time several 
genera of Primitive Animals live in the sea and in fresh 
water, and permanently represent these primitive cell- 
communities in their simplest form. Such, for instance, are 
several species of Cystophrys described by Archer, the 
Rhizopods deseribed hy Richard Hertwig under the name 
of Micragromi 









socialia, and the Labyrinthule which were 
discovered by Cienkowski; formless masses of homogeneous 
and quite simple cells. 

In order to recognize the ancestors of the human races 
which developed first phylogenetically from the Syn- 
amoeba, we need only continue to trace the ontogenetic 
modification of the Amphioxus-morala in the next stages. 
The first thing noticed is that a watery fluid collects within 
the solid globular cell-mass, and the cells are forced 
together and driven ont to the periphery of the body 
(Big. 171, F,@; Plate X. Fig. 9). Tho solid mulberry-germ 
thus changes into a simple hollow globe, the wall of which 
is formed of a single cell-stratum, This cell-stratum we 
called the germ-membrane (blastoderma), and the hollow 
globe the germ-membrane vesicle (blastula, or blasto- 
xpheura). 
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The interesting blastula germ-form is also of great sig- 
nificance, for the modification of the mulberry-germ into the 
germ-membrane vesicle takes place in the same way in a 
great many animals of very dissimilar tribes; for instance, in 
many Plant-animals and Worms, in the Ascidians, in many 
Star-animals (Aehinodernu) and Soft-bodied Animals 
(Mfollwsea), and also in the Amphioxus. Tn thoso animals, 
however, in the ontogeny of which there is no real palin- 
genetic blastula, this deficiency is ovidently only the result 
‘of kenogenctic causes, of the formation of a nutritive yolk ; 
and of other conditions of embryonic adaptation. We may 
therefore meume that the ontogenetic blastula is the repro- 
duction of a primmval phylogenetic ancestral form, and that 
all animale (with the exception of the lower Primitive 
Animals) have originated from a common parent-form, the 
etructure of which was ossentially that of a germ-mem- 
brane vesicle. In many lower animals, the evolution of the 
Hlastula takes place not within the egg-coverings, but out~ 
side this, free in water. Very soon after this, each cell of 
the germ-membrane begins to extend one or more movable, 
hairlike protoplasinie processes; owing to the fact that 
these cilia or whips vibrato in the water tho whole body 
swims about (Fig, 171, 7). This vesicular larva, the body 
wall of which forms » coll-stratum, and which rotates and 
swims by means of tho umited vibrations of the cilia, has, 
ever since the year 1847, been called the planula, or ciliated 
larva. This designation, is, however, used by different 
geologists in different: senses, and the gastrula, of which we 
shall speak presently, has, especially, often been confused 
with the planula. It is, therefore, more convenient to call 
the true planola-form the blastula, 
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Various kinds of Primitive Animals, which yet oxist 
both in the sea and in frosh water, are formed cssentially 
like the blastula, and which, in a certain sense, may be con- 
sidered as permanent or persistent blastula-forms, hollow 
vesicles, the wall of which is formed of a single stratum of 
ciliated homogeneous cells. These Planmads, or Blasteads, 
as they may be called, are formed in the very mixed society 
of tho Flagellate, especially the Volvoces (for instance, 
Synwra). noticed in September, 1869, on the Island Gis-Oc, 
‘on the coast of Norway, another very interesting form, which 
T named Mugospharra planula (Figs 172, 178). The fully 
developed body of this forms « globular vesiclo, the wall of 
which is composed of from thirty to forty vibratory homo- 
geneous cells, and which swims about freely in the sea. After 





Fie. 172—Tho Norwegian Flimmer-ball (Aegoaphara plonula), swim. 
ming by means of its vibratile frioges; ween from the surface. 

Fic. 178.—Tho samo, in section. The pear-shaped cells sro seen bound 
tegother in the contre of the gelatinous sphérw by a threadl-like process, 
Each coll contains both m kernel and a contractile vesicle, 
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having reached maturity tho society dissolves. Each sepa- 
rate coll still lives a while independently, grows, and changes 
into a crawling Amecba, This afterwards assumes a globu- 
lar form, and encases itself by exuding a structureless 
integument. The cell now has just the appearance of a 
common animal egg. After it has remained for a time in 
this quiescent state, the cell breaks up, by means of con- 
tinued division, first into 2, then into 4, 8, 16, 32 cells, 
These again arrange themselves so as to form a globular 
vesicle, put forth cilia, and bursting the encasing integu- 
gent, swim about in the same Magosphiern-form from 
which we started, This accomplishes the entire life-history 
of this remarkable Primitive Animal’ 

If wo compare these permanent blastula-forms with the 
freely swimming Flimmer-larve or planula-condition, of 
similar structure, of many other lower animals, we may 
with certainty infer therefrom the former existence of a 
primeval and long-extinct parent-form, the structure of 
which was essentially like that of the planala or blastula, 
We will call this the Planwa, or Blastwn. The whole body, 
in its fully developed condition, consisted of a simple hollow 
Globe, filled with fluid or structureless jelly, the wall of 
which formed a singlo stratum of homogeneous cells, 
covered yith cilia, Many different kinds and species of 
Plantea-like Primitive Animals must certainly have existed 
and formed a distinct class of Protozoa, which we may call 
Flimmer-swimmers (Planeada). A remarkable proof of the 





natural philosophical genius with which Karl Ernst Baer 
penetrated into the deepest secrets of the history of animal 
evolution, is that, as carly as the year 1828 (ten years before 
the cell-theory was established), he guessed the significance 
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of the blastosphwra, and, truly prophetically, 
it in his classical “ Entwickelungsgeachichto dor 
(vol. i. p. 228), The passage in question says: “The fur 
back we go in evolution, the more do we find a corm: — 
spondence in very different animals. ‘This leads us to th 
question: Are not all animals in the beginning of tl 
evolution essentially alike, and is there not a primary 
common to all? As the germ is the undeveloped animal 
itself, it is not without reason that it is asserted that the 
simple vesicular form is tho common primitive form from 
which all animals, not only ideally, but also Y 
develop.” This lntter sentence has not only ontogenetic, 
but also phylogenetic significance, and is all the more note 
worthy because the blastula of the most diverse animals, 
and the constitution of its wall of a single cell-stratum, was 
not then known. And yet Baor, in spite of the extreme 
deficiency of his empiric grounds, ventured the bold state- | 
ment: “At their first appearance all animals are perhaps 
alike, and are merely hollow globes.” 

Next to the primeval ancestral form of the Planasa, as 
the fifth stage in the human pedigree, is the Gastriea, « forms 
which arises from the Planwa. Of all ancestral forms this, 
aa we have already shown, is of pre-eminent philosophieal 
significance, Its former existence is certainly proved bythe | 
very important gastrula, which is mot with as a Transitory 
germ-stage in the ontogeny of tho most various animals 
(Fig. 171, 1, ). We found that the gastrula, in its original, 
palingenetie form, is a globular, oval or oblong-round body, 
with one axis which has a simple cavity with one opening 
(at one polo of the axis). This is the primitive intestinal 
cavity with its mouth-opening. The intestinal wall consiste 
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of two cell-strata, which are, in fact, the two primary germ- 
layers, the animal skin-layer, and the vegetative intestinal 
dayer. 

The ontogenctic origin of the gastrula from the blastula 
at the present day affords us trustworthy intelligence as to 
the phylogenetic origin of the Gastrea from the Plana, 
We found that on one side of the globular germ-membrane 
vesicle 2 groove-like depression begins, and this inversion 
(invaginatio) becomes continually deeper (Fig. 171, H), At 
last it is eo great, that the outer, inverted part of the germ- 
membrane, or blastoderm, attaches itself closely to the inner, 
uninyerted portion (Fig. 171, 1). Now, if guided by this 
ontogenetic process, we wish to conceive the phylogenetic 
origin of the Gastrea in accordance with the fundamental 
law of Biogeny, we must imagine that the one-layered cell- 
society of the globular Planes began, espec! 
of its surface, to absorb nourishment. At the nutritive point 
on the surface of the ball a groove-like depression was gra- 
dually formed by natural selection, ‘The groove, which was 
at first quite ehallow, in course of timo bocame continually 
deeper. The function of nouriching, of absorption of 
nutriment, and digestion, was soon limited to the cells 
which lined the groove, while the other cells undertook the 
fonction of movement and covering. Thus originated the 
first divisién of labour among the originally homogeneous 
cells of the Planwa. 

The first result of this earliest histological differentia. 
tion was tho distinction of two different kinds of colle; 
within the hollow the nutritive cells, without, on tho sur- 
face, the motive or locomotive cells. The distinction of the 
two primary germ-layors was thus caused, The innor cella 








ly at one point 
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of the hollow formed the inner or vegetative layer, a 
plishing the functions of nutrition; the outer cella 
covering formed the outer or animal layer, 
functions of locomotion and covering the body, 
first and oldest process of differentiation is of such 
mental significance that it deserves the deepest 
When we consider that the body of the human 
with all its different parts, and also the body of all 
higher animals, originates from these two simple 

germ-layers, we. cannot over-estimate the 
significance of the gastrala, For in the quite simple primi- 
tive intestine, or the primitive intestinal cavity of the 
gastrala and its simple mouth-opening, the first reall organ | 
of the animal body, in a morphological sense, ix guined ; 
the earliest genuine organ, from which all the other organs 
have diflurentiated at a later period. The whole body of | 
the gastrula is really only o “primitive intestine.” 

We have already pointed out the remarkable agreement 
between the palingenetic gastrula-forms of animals of the 
most diverse classes; of Sponges (Fig, 174, 4), 

Corals (Fig. 171, 1), Meduse, Worms (Fig. 175, B) Stax 
animals (Kehinoderma, C), Articulated Animals (Arte 
pode, D), Soft-bodied Animals (Moliusca, Z), and Verte- 
brates (F). All these various forms of the palingenetic 
gastrula are much alike, and are only distinguished by such 
unessential and subordinate peculiarities, that the systematic 
aoologist, in his “natural sy 
as different species of a single genus. The various kenoge- 
netie gastrala-forms which have been deseribed were also 
reftrable to that original palingenotic form (vol i. p, 231). The 
gastrula proved to be a germ-form common to all classes of 
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animals, with the exception of the Protozoa. This highly 
important fact justities the inference in accordance with the 
fundamental law of Biogeny, that the various ancestral 





Fro, 179, 


Fie, 174 —(A) Gastruln of a Zoophyto (Gastrophysema), Haack. 
Pio. 175.—() Gastruln of a Worm (Arrow.worm, Sagitta), After Kowa 
lovaky, 
Pio, 176.—(C) Gostrale of an Echinodersa (StareBeby, Uraster), After 
Alosander Auossiz. : 
Pio. 177.—(D) Gastrala of an Arthropod (Primitive Crab, Nanplivs). 
Fi. 178.—(#) Gastrola of » Mollusc (Pond.ennil, 





inns). After 
Karl Rabi. 

Fre. 179.—(F) Gastrula of a Vertobrate (Lancelot, Amphioows) After 
Kowalovsky. 
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lines of all these classes of animals have devi 
genetically from the same parent-form, This: 
cant primeval parent-form is the Gastraea. 

The Gastren was ub any rate already present 
sea during the Laurentian period, and by means 
vibratory fringe hurried about in the water, just 1 
yet extant free-moving ciliated gastrula of this 
bably the primeval Gastrea, which has been 
many millions of years, differed from the living ga 
of the present day only in some unessential p 
grounds derived from Comparative Anatomy and Onto 
the explanation of which would lead us too far, 
assume that the Gastres had already acquired sexu 
production, and did not only propagate its species a 
(by division—bud-formation or spore-formation), as Wi 
probably the case with the four preceding ancestral st 
Presumably, single cells of the primary germ-lay 7 
sumed the character of egg-cells, others that of pe 
seed-cells (Cf. Chapter XXV.) This hypothesis is 
on the fact that sexual reproduction is yet met with in the 
same simple forms in the lowest Plant-Animals (Zoophyta), 
especially in the Sponges. 

Two small animal forma are especially interesting im 
their bearing on this aspect of the Gastrwa theory, They 
have as yet been little observed, but of all extant animals 
they are most nearly allied to the primeval Gastrws, and 
may therefore be called “the Gastrmads of the present 
day.”*@ One of these animals, Haliphysema (Figs. 180 and 
181), has been described by Bowerbank as a Sponge; the 
other, Gastrophysema, by Carter as a Rhizopod (as “Squa~ 
mulina”). The entire mature body of the developed person’ 
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of Hatiphysema forms a most simple, eylindrieal or egg- 
shaped pouch, the wall of which consists of two cell-strata, 
‘The cavity of the pouch is the stomach-cavity, and the 





Bros. 180, 181.—Waliphysenia primondiale, an extant Gustrwu-form, 
Fig. 180. Kxtermal riow of the whole «pindlaahaped animal (attached by 
We foot to seaweed). Fig. 181. Longitudinal section of the same. The 
"primitive intestine (<) opens at its upper end in the primitive mouth (m), 
Between the whip.cells (9) lie ameboid oges (eo). ‘The skiu-layer (h) bolow 
fe encrnsted with grains of sand, above with sponge-spicules, 


l 
‘opening at the top is the mouth-opening (Fig. 181, m). 


‘The two coll-atrata forming the wall of the pouch are the 
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two primary germ-layers, These most simple Plant-Animals 
differ from the gastrula principally in the fact that the 
former are attached by one end (that opposite to the month- 
opening) to the bottom of the sea, while the latter are 
free, Moreover, the cells of the skin-layer are coalescent and 
have included many foreign bodies, such as sponge-spicules, 
sand-grains, cte, which serve to support the body-wall 
(Big. 180). The intestinal layer, on the other hand, eon- 
sists merely of a stratum of cilinted cells (Fig 181, d). 
When the Haliphysema is sexually mature, individusl cells 
of its entoderm assume the character of female ege-cells; 
on the other hand, individual cells of its exederm become 
male sced-colls; the fertilization of the former by the latter 





Fros. 182, 189 —Avonia of a Sponge (Olynthus). Fig. 189, from the one- 
sido; Pig. 189, in longitudinal section: g, primitive intostino ; 0, primitive 
month) 4, intestinal layer ; ¢, akindayer 





REPRODUCTION IN THE GASTREADE. 69 


takes place direetly through the stomach-cavity. A true 
palingenetic gustrula (Fig. 174) develops, just as in the 
Monoxenia (Fig, 171), from tho fertilized ogg. This swims 
about for a time in the sea, then attaches itself, and in thie 
state resembles a simple young-form, which occurs in the 
course of the evolution of many other Plant-Animals, and 
which is called the ascula (Figs. 182, 183). Tn consequence 
of the absorption of forvign bod! 
becomes the Haliphysema 

When we consider that there is no other important 
difference between the free-swimming gastrula and this 
attached, simplest Plant-animal, we are fairly justified in 
stating that in the simplest form of Gastriea sexual repro- 
duction must have taken place in the same way. In the 
Gastreads, just as in Plant-animals, both kinds of sexual 
célle—egy-cells and sperm-cella—must have formed in the 
same person; the oldest Gastreads must, therefore, have 
been hermaphrodite. For Comparative Anatomy shows 
that hermaphroditism, that is, the union of both kinds of 
sexual cells in one individual, is the oldest and original con- 
dition of sexual differentiation ; the separation of the sexes 
(Gonochorisnaus) did not or 








by the exoderm, it 





nate till a later period. 
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THE ANCESTRAL SBRIES OF MAN. 
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one direction the Pareat Form of Plant~ 
Animale (Sponges and Sea-Nottlos), in the other the Porent Porm of 
Wormx—Iadinte form of the former, Bilateral form of the lutter—Tho 
‘Two Main Divisions of the Worms, Acaslomi and Goslomnti : the former 
without, the lattor with, a Body Cavity and Bload-vossel Systom.— 
Sixth Anceateal Stogo | Archolminthos, most noarly allied to Turbollarie. 
—Descent of tho Colomati from the Acclomi.—Moatled Animals 
(Tunicata) and Charda-Avimals (Chordonia).—Seventh Stogo Soft. 
Worms (Scolecida)—A Side Branch of the latter; the Acors-Worm 
{Balanogtossus).—Differwntintion of the Intestinal Tube into Gill-intes 
tine and Stomach-intostine.—Kighth Stage: ChordasAnimale (Chor 
dosia)—Ascidinn Larva exhibits the Outline of » Chorda-Animal 
Construction of tho Notochord—Mantlod Aniroala and Vortobrates as 
Diverging Branches of Chorda-Animala —Separation of Vertebrates from 
the other Higher Avimol Tribos (Articulated Animals, Star-Animuls, 
Soft-bodiod Animals) —Signiticance of the Motameric Worms 
Skolllow Animale (Acrania) and Skullod Animals (Crantota) 
Ancestral Stago: Skull-loss Animala—Amphioxas and Primitivo Vorte 
brate.—Dovelopment of Skalled Animale (Construction of tho Head, 
Shull, and Brais)—Tenth Ancestral Stage: Skullod Animals, alliod 
to the Cyclostomi (Myninoiden wod Petromysontda). 
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ot like the gods nm 1! Full well I lenow 5 
But like tho worm which in the dust avuat sro, 
And, finding in the dast bis life aud weal, 
crushed and buried by the éraveller’e heel— 
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Why dost thou grin at me, thou hollow wlll ? 
Aa though of old thy brain, liko mine, waa voxed, 
Tad looked to find bright day, but in the twilight dull, 
Ta search for Lruth, was sad and sore perplexed!” 
Goxrux. 


Bort in proso and in poetry man is very often compared 
to a worm. “A miserble worm,” “nm poor worm,” are 
common and almost compassionate phrases, If we cannot 
detect any deep phylogenetic reference in this zologieal 
metaphor, we might nt least: safely assert that it contains 
an unconscious comparison with a low condition of animal 
development which is interesting in its bearing on the 
pedigree of the human race. For there is no doubt that 
the vertebrate tribe, in common with those of the other 
higher classes of animals, have developed phylogenetically 
from that multiform group of lower invertebrate animals 
which are now called Worms. However closely we limit 
tho zoological significance of the word “Worm,” it yet 
remains indubitable that a large number of extinct Worms 
must be reckoned among the direct ancestors of the human 
race, 

‘The group of Worms (Vermes) is much more limited im 
the Zoology of the present day, than was the sume class in 
the older Zoology, which followed the system of Linnens, 
It, however, yet includes a great number of very diverse 
lower animals, which, phylogenetically, we may regard a& 
the few last living twigs of an immenso epreading tree, 
the trunk and main branches of which have for the most 
part long since died off. On the ome side, among the 
widely divergent classes of Worms, are found the parent. 
forms of the four higher tribes of animals, the Molluses, 
Star-animals, Articnlates, and Vertebrates; on the other side, 
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several comprehensive groups and also single isolated genera 
of Worms are to be regarded as root-suckers which have 
sprouted directly from the rest of the primeval fumily-troe 
of the Worms Some of these suckers have evidently 
changed but little from the long-extinct parent-form, the 
Primitive Worm (Prothelmis), which is immediately con- 
nected with the Gastriea. 

Comparative Anatomy and Ontogeny clearly and sig- 
nificantly prove that the Gastrwa must be regarded as 
the direct ancestor of this Prim 
gastrula’ develops from the egg of all Worms after its 
cleavage. The lowest and most imperfect Worms retain 
throughout life an organization so simple that they aro but 
little raised above the lowest Plant-animals, which are alao 
immediate descendants of the Gastrea, and which also yet 
develop directly from the gastrula If the genealogical 
relation of these two lower animal tribes, the Worms and 
the Plant-animals, is closely examined, it becomes evident 
that the most probable hypothesis of their descent is, that 


ve Worm. Even now, 








the two originated, as independent, branches, direetly from 
the Gastrea, On the one side, the common parent-form of 
the Worms developed from tho Gastrwa; as, on the other 
Side, did the common parent-form of the Plant-animals 
(Gf. Tables XVILE and XIX.) 

The tribe of Plant-animals (Zoophytex, or Coelenterata) 
now comprehonds, on the one side, the main class of Sponges 
(Spongie); on the other, the main class of the Sea-nettles 
{Acalephe); to the former belong the Gastrwads and 
Poriferm, to tho lator tho Hydroid-polyps, the Meduace, 
Otenophorw, and Corals, From the Comparative Anatomy 
and the Ontogeny of these we may infer, with great pro- 
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bability, that all these Plant-animals descend 
common and very simple parent-form, the st 
which resembled that of the ascula in essential: 
os hepelranage The uniaxial outline of the 















adaptation to an adherent mode of life, so is the bil 
form by adaptation to certain definite acts of free Io 
motion. The constant direction and carriage of the b 
which would be maintained in this mode of free locom: 
conditioned the two-sided, or bilateral outline of 
symmetrical Worms. Even the parent-form of the 
the Primitive Worm (Prothelmia) must have acquired 
character, and thus have become distinguished from the 
uniaxial parent-form of the Plant-animala In this simple 
mechanical impetus, in the defined free locomotion of the 
Worms, on the one hand, and in the stationary mode of 
life of the earliest Plant-animals on the other, we must look 
for the efficient cause which produced in the one the bi- 
lateral or two-sided, in the other the radiate outline of the 
body. The former, the bilateral outline, has been inherited 
by the human race from the Worms, 

Except through the Gastrma, the common parent-form 
of Plont-animals and Worms, the human race is, therefore, 
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not related to the Plant-animals. Tt will be our next task 
to consider more closely the pedigree of Man in so far as 
it coincides with that of the Worms. Let ua examine how 
far the Comparative Anatomy and Ontogony of Worms 
justify us in looking among the latter for primeval ancestors 
of Vertebrates, and therefore of Man. For this end we must 
first consider the zoological system of Worms. In accord- 
ance with the most recent investigations of the Comparative 
Anatomy and Ontogeny of Worms, we divide (without 
reference to the many and various peculiarities of the 
Humerous separate classes, which in this place do not 
interest us) the whole mass of forms within this tribe 
into two large main groups. The first main group, which 
we call Bloodless Worms (Acelomi), comprehends the 
earlier division of the lower Worms, which have no true 
body-cavity, no system of blood-vessels, no heart, no blood, 
—in short, none of the parts connected with this ongun- 
system. The second main group, on the contrary, 
Blood-worms (Colomati), are distinguished from the former 
by the pomcssion of a true body-cavity, and also by the 
presence of a blood-like fluid, which fills this cavity; 
most of them also develop special blood-vessels, which 
again cause forther correlated advances in structure. The 
relation of these two main groups of Worms is very evi- 
dently phylogenetic. The Accelomi, which are vory nearly 
allied to tho Gastra and the Plant-animals, are to be 
regarded a3 an earlier and lower group, from which the 
more recent and higher division of the Conlomati developed, 
perhaps towards the end of the Laurentian Period. 

We will first. carefully examine the lower group of 
Worms, the Accelomi, among which we must look for the 


allod 
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sixth ancestral stage of the human race, the stage imme- 
diately following the gastrula, The name “ Acclomi ™ 
signifies “ Worms without a body-cavity, or ecloma,” and 
therefore without blood, or vascular system. The extant 
Accelomi are generally included in a single class, which, on 
account of their flattened bodies, are called Flat-werms 
(Plathelminthes), To this class belong the Gliding-worms 
(Turbellaria), which live independently in the water; also 
the parasitic intestinal Sucking-worms (Prematoda), and 
the Tape-worms (Cestoda), which have become yet more 
degraded by parasitism. The phylogenetic relations of the 
three forms of Flat-worms are very evident; the Sucking- 
worms originated from the free Gliding-worms by adaptation 
to @ parasitic mode of life; and, by a yet more completely 
parasitic life, the Tape-worms originated from the Sueking- 
worms. These are striking examples of the gradually 
increasing degeneration of the most important organs. 

In addition to these well-known extant Flat-worms, 
great numbers of other Accolomi aust have lived during 
the Archilithie Epoch, which in general form were very 
much like those of the present day, but were, in some 
respects, yet more simply organized, and were, in their 
lowest stages of development, immediately connected with 
the Gastreads, The whole of these lowest Accelomi, among 
which the common parent-form of the whole Worm tribe 
(the Prothelmis) must have been, may be classed as “ Primi- 
tive Worms" (Archelminthes), 

‘The two classes of the Accelomi, the Primitive Worms 
and the Flat-worms, represent in their external form the 
simplest bilateral condition of the animal body. The 
body is a simple oval, usually somewhat flattened, with- 
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out any appendage (Figs. 184, 155). The dorsal side of 
the leaf-like body diffors from the ventral side, on which 
the Worm creeps. Accordingly, even in these moat simple 
Worms there are the three definite axes which mark the 
Bilateral type-form, and which re-occur in the human 
body and in that of all higher animals: (1) a longitudinal 
axis (mai axis), which passes from front to rears (2) 
a Tateral axis, passing from right to left; and (8) a 
sagittal axis, passing from the dorsal to the ventral surface, 
(CE vol. i. p. 257.) This so-called symmetrical or bilateral” 
arrangement of the outline of the body is simply the 
mechanical reault of adaptation to a creeping form of loco- 
motion, during which one end of the body is always directed 
forwards, The geometric outline of the gastrula, as of the 
asenla, has but. one axis with unequal poles (Monaxonia 
diplopola), ‘The typical outline of Worms, as of Vertebrates, 
is, on the contrary, bilateral, with tranverse axes (Stau- 
rawonia diplewra). 

‘Phe whole outer surface of the Gliding-worms (Turbel- 
aria) is covered, as in the gastrula, with a thick, fine 
cilinted coat; that is, with a fur-like covering of extremely 
fine and close microscopic airs, which are direct processes 
of the uppermost cells of the epidermis, and maintain an 
‘uninterrupted whirling or vibratory motion (Fig. 184, f) 
The constant vibrations of these cilia cause a continued 
current of water over the eurface of the body. Freah water 
is constantly conveyed to the surface of the skin by this 
current, thus permitting respiration in its simplest form (skin- 
respiration), A similar ciliated covering, just as is seen in 
the extant Gliding-worms of our fresh-water seas, pre- 
sumably covered our extinet, ancestors of the Primitive 
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Worm group, the Archelminihes Thoy inherited E | 
ellinted dress directly from the Gastrwa. 

If wo now make various vertical sections oogseta 
and transverse) through the simple body of the Gliding-worms 
(and that of the Archelminthes which are certainly very 
closely allied to the former), we soon discover that their 
internal structure is considerably higher than that of the 
Gastrends We first observe that the two primary gorm- 
layers (inherited from the Gastrwa) have differentiated into 
several cell-strata. The skin-layer and the intestinal layer 
have each split into two strata, The four secondary germ- 
layers, which are thus produced, are the same that we found 
resulted from the first differentiation of the two primary 
germ-layers in the embryo of the Vertebrate also. (Gf the 
transverse sections through the larval Amphioxas and 
Earth-worm, Figs 50 and 51, p. 236, and Plate TY. Fig: 25 
Plate V. Fig. 10.) 

The highly important histological differentiation of these 
four secondary germ-layers led directly to further onganolo- 
gical processes of differentiation, by which the organism of 
the Primitive Worms was soon considerably raised above 
that of the Gastraads, In the latter there was really, m 
a morphological sense, but a single organ, the primitive intes= 
tine, with its mouth-opening. The whole body was nothing: 
but an intestinal canal; the intestinal wall was at the 
same time the wall of the body. Of the two cell-layers, 
forming this intestinal wall, the inner accomplished the 
functions of nutrition, the outer those of motion and 
covering. As some of the cells of the primary germ-layers 
developed into egg-cells, and others into sperm-cells, these 
layers also performed the function of reproduction, In the 
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Primitive Worms, however, simultaneously with the forma- 
tion of the secondary germ-layers, these various functions 
ibuted to various organs, which detached 
nal main organ, the primitive in- 
tostine. Special organs originated for reproduction (sexual 
glands), for secretion (kidneys), for motion (muscles), and 
for sensation (nerves and sense-organs). 

Tn order to obtain an approximate picture of the sim- 
plest form in which all these various ory 
in the Primitive Worms, it is only nec 
the most imperfect forms of Qliding-worms (T'urbellaria), 
thoy oxistat the present time in salt and fresh water, They 










ns first appeared 








esary to examine 





are mostly very small and insignificant, Worms of the simplest, 
form, many being scarcely 4 millimetre or a few millimetres in 
length. In the simplest species of Gliding-worms the greater 
part of the oval body is occupied by th 
This is a very regularly shaped pouch with an opening, ro- 
presenting both mouth and anus (Fig, 184, m) At the 
anterior section of the intestinal tube, which is separated 
as a throat (pharyns, ad), the fibrous layer ia very thick, 
a thick muscular layer. Immediately outside the intestinal- 
fibrous layer lics the skin-fibrous layer, which in most 
worms appears asa large skin-muscle suc, Above the 
throat in Gliding-worms a nerve tem af the simplest 
form is alresdy visible in front, a pai 
Knots, or gunglia, which from their posi 
“upper throat ganglia,” or “ brain" (Ii 
nerve-threads (7) pass from this to the muscle: 
ciliated skin-sensory layer, A pair of quite simplo eyes 
(au) and nosc-pits (na) are to be found in a few Gliding- 


worms, The Flat-worms are also universally provided with 
27 





testinal canal. 








of small nerve- 
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a pair of simple kidney-canala (“cxerctory organs”), in 
the form of two long, thin, glandular tubes, which traverse 
the right and left sides of the intestine and open at the 
hinder end of the body (Fig. 184, wm), We found that the 





F10, 154—A simple Gliding-worm (Fehabdocertum): m, mouth; wl, throat 
egitheline ¢ 4m, throstemasclosy d, xtomach.intostine ; ne, i 
nm, oponing of the kidnaye) ov, ose; na, noso-pit, 

Fro, 185.—The same Gliding-worm, showing the remaining enguns: 9, 
Lain; au, eyor na, nove-pil; m norves: I, testes; g, malo opening , 
: fomalo opening; ¢, ovary 5 Jf ciliated outer.skin. 
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two primitive kidney canals in the vertebrate embryo 
also appeared ata very carly period, shortly after the first 
differentiation of the middle germ-layer (mesoderma). The 
Appearance of these at so early a period shows that the 
kidnoys are very important primordial organa It also 
shows their universal existence in all Flat-worms ; for even 
the Tapo-worms, which, in consequence of the adoption of a 
parasitic mode of life, have lost the intestine, yet have the 
two seervting primitive kidneys, or“ excretory ducts” ‘The 
latter seem, therefore, to be older and of greater physiologi- 
cal importance than the blood-veseel system, whieh is wholly 
wanting in the Flat-worms. The sexual organs appear 
in many of the Gliding-worms in a very complex form; 
while in others their form is very eimple. Most of them 
are hermaphrodites; that is, each individual worm has 
both male and female sexual organs In the simplest 
forms we find a testis in the anterior part (Fig. 185, 2), 
a single or double ovary behind (a). One of these simplest 
existing Accelomi, such as we find among the lowest Rhab- 
docela, may give us an approximate idea of the structure 
of the Primitive Worm, which forms the sixth stage in 
the homan pedigre. 

These ancestors of the human race, which, on account 
of their general organization, must be placed among the 
Bloodless Worms (Acalomi), must have been represented 
during the Archilithic Bpoch by a large number of various 
Worm forms. The lowest of these must have been direetly 
connected with the Gastrends (the fifth ancestral stage); the 
most highly developed must, on the other hand, have been 
Wireetly connected with the Coelomati (the seventh stage), 
As, however, our present knowledge of the Comparative 
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Anatomy and Ontogeny of the Accelomi is very fagmen- 
tary, and much too imperfect to enable us to point with 
certainty to the series of the various stages, we will not 
attempt a detailed arrangement of them, We will turn 
instead to the seventh stage in the human pedigree, which 
belonged to the multiform group af the Blood-bearing 
Worms (Crlomati), 

The great organic advance in strocture by which the 
Blood-bearing worms, or Celomati, developed from the 
older Bloodless Worms, or Accelomi, consisted in the for- 
mation of a body-cavity (carloma), and of a nutritive juice 
filling the latter, the first blood. All the lower animals 
with which we have yet occupied ourselves in our Phy- 

~ Jogeny, all the Primitive Animals and Plant-animals, are, 
like the Acwlomi, bloodless and without a body-cavity. Tn 
the formation of a special vascular system, tho earliest 
Cxlomati made a very great advance. Much of the com- 
plexity in the organic structure in the four higher tribes of 
animals is based on the differentiation of the vascular 
system, which they have inherited from the Blood-bearing 
Worms. 

The first development of a trae body-cavity (caloma) 
is referable to the separation of the two fibrous layers; to 
the formation of a spacious cavity between the onter skin- 
fibrous layer nnd the inner intestinal-fibrous layer, In the 
tisaure-like gaps, which formed between the two germ-layers, 
a juice collected, which penetrated through the intestinal 
wall, This juice was the first blood, and the gaps between 
the two germ-layers formod tho first rudiment of the body- 
cavity. The union of these gape formed the simple corlom, 
the large eavity, containing blood or lymph, which plays so 
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important a part in all the higher animals as the receptacle 
of the very extensive intestines, The formation of this 
corlom, and of the blood-vessols developed in connection with 
it, exercised a very groat influence on the further evolution 
of the animal organization. The most important result was, 
that it allowed the conveyance of rich nutritive juices to 
those parts of the body lying near the circumference, and 
developing at a considerable distance from the intes- 
tinal eanal. ‘The intimate correlation, or reciprocity of the 
parts, necessarily occasioned, in direct connection with the 
Progressive development of the blood-vessel system, many 
other important advances in the structure of the body of 
the Blood-bearing Worms. 

Just as among the Accelomi, so also among the Coclomati, 
the pedigree of our race must have passed through a large 
number of diverse ancestral stages. But among extant 
Ceglomati (which form but a very small fraction of this once 
tmultiform group), there are but very few Worms which ean 
with certainty be regarded as nearly allied to the long- 
extinet ancestors of Man. In this respect, but a single 
DO clams GF Coslomati is really of prominent importance; those 
are the Mantled Animals (Zwnicata), to which belong the 
Ascidia already known tous. Our careful examination of 
thie structure and germ-history of the Ascidian and the 
Amphioxus have shown the extreme importance of these 
Very interesting animal forma (Cf Chapters XTIT. and 
IV) That examination fully justifies us in asserting 
_ that among the ancestors of the Vertebrates (and therefore 
4 of Man) there was an unknown extinct co-lomate species, 
Beir ifchi the noarest allied ‘form among extant anivals is 
‘Appendicularia (Fig. 187), of which we havo already 
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spoken, and the tailed Ascidian larva, We will for the 
present call this kind of Worm, which was primarily dis- 
tinguished by the possession of a notochord, the Chonla- 
animal (Chordonium), Tho Ascidians on the one hand, and 
the Vertebrates on the other, developed, as two diverging 
‘branches, from these Chorda-animala The common parent- 
form of the Chorda-animals themselves was a caslomate form, 
which finally must have descended from the Accelomi, and 
from the Archelminthes, 

Many connecting intermediate forms must, of course, have 
existed between these two groups of Worms, between the 
Primitive Worms and the Chorda-animalx, Unfortunately, 
however, zoological knowledge is at present especially im= 
perfect with regard to these important intermediate forms 
of the multiform Worm tribe. For very evident reasons, 
none of these Worms could leave fossil remains, For, like 
tho groat majority of other Worms, they had no hard parts 
in their bodics, Most even of tho known fossil Worms 
are worthless, for they toll us little or nothing of the most im- 
portant structural features of the soft body, Fortunately, 
however, we can in great measure satisfactorily fill the con- 
siderable paleontological gap in this part of our pedigree, 
with the help of the Comparative Anatemy and Ontogeny of 
Worms. If, on the one hand, we examine the structure and 
mode of development of the lower Worms from the Gliding- 
Worms (Yurbellaria), and, on the other hand, the Anatomy 
and Ontogony of tho Ascidians, it is not difficult, step by 
step, to re-construct in imagination the connecting inter- 
inediate forms, and to insert. a series of extinct ancestral 
forms between the Acmlomi and the Chordonin, ‘This 
series of forms under the name of Soft-worms (Scolecida) 
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we will consider as the seventh stage in the human 
pedigroo, 

‘An examination of the Comparative Anatomy of the 
various Scolecid forms, which we might perhaps distinguish 
here, would lead us much too far into the difficult details 
of the Comparative Anatomy and Ontogeny of the Worms. 
For our purpose it seeins more important to call attention 
to those phylogenetic advances, by means of which the 
organization of the carliest Blood-bearing Worms was in 
the end elevated to that of the Chorda-animals, The Com- 
parative Anatomy and Ontogeny of the Gliding-worms 
and of the Ascidians justify us in giving special weight to 
the significant differentiation of the intestinal canal into two 
distinet divisions; into an anterior division (the gill-intes- 
tine), which accomplishos respiration, and a posterior diyi- 
sion (the stomach-intestine), which accomplishes digestion. 
As in Gastrwads and Primitive Worms, so also in the Ascidian 
larva, the intestinal canal is at firet a simple pouch-like 
body, provided merely with a mouth-opening. A second 
opening, the anus,does not develop till a later period. Gill- 
openings afterwards appear in the anterior section of the 
intestinal canal, by which the whole anterior intestine is 
transformed into a gill-body. This remarkable arrange. 
mont is, a3 we found, quite peculiar to Vertebrates, and, 
except in the Ascidians, occurs nowhere else, Among extant 
Worms there is, however, single isolated and very remark 
able Worm form, which in this reapect may be regarded 
aa distantly allied to the Ascidia and to Vertebrates, and 
perhaps as an off-shoot from the Soft-worms (Scolecida). 
Whis is the so-called “Acorn-worm” (Balanoglossus, Fig, 
186), which lives in the sand of the seashore. The in- 
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torosting points connecting this with Ascidiaus and the 





Skull-less Animalg (Aerania) 
were first accurately observed 
and explained by Gogenbaur, Al- 
though this singular Balanoglosaus 
is in many other respects peculiar 
in its organization, 80 that Gegen- 
baur rightly ranked it as the re- 
presentative of a special class 
(Enteropreusta). yeb the structure 
of the anterior section of the in- 
testinal tube is exactly similar to 
that of Ascidians and Skull-less 
Animals (&), a gill body, the walls 
of which are pierced on either side 
by gill-openings and are supported 
by gill-arches, Now,although the 
Acorn-worm in other points of its 
strueture may differ very con- 
siderably from those extinct Soft- 
worms (Scolecida), which we must 
regard a8 direet ancestors of our 
race, and as intermediate links 
between the Primitive Worms 

Fie. 186.—A young Acorn.worm (Ihul- 
oneglossus). (Aficr Alexander Agnasie.) 
7, aoornelike proboacia; 2, collars by will 
openings and gill-archos of the anterior in- 
testing, in m long row one behind another 
on each rides 2, digostive postorior intoc 
tine, filling the greater part of the body- 
cavity; © intestinal vessel, lying betwoon 
two parallel folds of akin; 0, anus, 
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and the Chorda-animals, yot, in virtue of this characteristic 
structure of the gill-intestine, it may be considered a re- 
motely allied collateral line of the Soft-worms ‘The 
development of an anus (Fig, 186, a) at tho end opposite 
to the mouth, is also a considerable advance in the strue- 
ture of the intestine, Tho further development of the 
Vlood-vessel system in the Acorn-worm also indicates a 
marked advance, In the ciliary surface of tho skin, on 
the contrary, it recalls the Gliding-worms, Tho sexes are 
separated, while our scolecid ancestors were probably 
hermaphrodite” 

From a branch of the Soft-worms, the group of Chorla~ 
animals (Chordonia), the common parent-group of” the 
Mantle-animals and Vertcbrates also developed. ‘The process 
which primarily lod to the developmont of this important 
group of the ecelomati, was the formation of the inner 
axial skeleton (the notochord, or chorda dorsalis), which 
‘at the prosent day we find permanently retainod in its 
‘sitaplest form in the lowest Vertebrate, the Amphioxua 
We saw that this notochord is already found in the tailed 
and free-swimming larva of the Ascidian (Plate X. Fig. 5), 
‘The chorda does, indeed, serve specially as a support for 
the rudder-like tail of the larval Ascidian, but its anterior 
extremity passes in between the intestinal and medullary 

tubes within the actual body of the larva. A transverse 
section of this larva therefore shows that arrangement of 
- the most important organs which is characteristic of the 
‘ paeeesteate type: in the contre is the firm notochord, which 
the other organs and sorves especially as a base 
“l tal pi of attachment for the motive trunk muscles ; 
this notochord, on the dorsal side, is the central 
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nervous system in the fonm of a medallary tube; below, on 
the ventral side, is the intestinal tube, the anterior half of 
which is a respiratory gill-intestine, its posterior half a 
digestive stomach-intestine. It is true that the free 
swimming larva of the extant Ascidian possesses this typical 
vertebrate character only for a short time; it soon relin- 
quishes its free roving mode of life, pute off its oar-like tail 
with the notochord, adheres to the bottom of the sea, and 
then undergoes that very great retrogression, the surprising 
final result of which we have already observed (Chapters 
‘XIID. and XIV,). Nevertheless, the Ascidian larva, in its 
very transitory evolution (for a brief space), affords ws a 
picture of the long extinct Chordonn-form, which must 
‘be regarded as the common parent-form of Mantle-animals 
and Vertebrates, There is even yet extant a small and 
insignificant form of Mantlo-animal which throughout life 
retains the structure of the Ascidian larva with ite oar 
like tail and its free-swimming mode of life, and which 

, reproduces itself in this form. This is the remark- 
able Appendicularia (Fig. 187), which we have already 
examined. 

Tf we ask ourselves what conditions of adaptation could 
possibly have had so remarkable a result as the develop- 
ment of the notochord, and the modification of a branch 
of the Soft-worms into the parent-form of the Chorda- 
animals, we may with great probability answer, that this 
result was effected by the habituation of tho ereeping 
Soft-worm to a swimming mode of life. By energetic and 
continued swimming movements, the muscles of the trunk 
would be greatly developed, and a strong internal point of 
attachment would be very favourable to this muscular 











THE ASCIDIANS 8&9 


activity, A support of this kind might arise by enlarge- 
ment and concrescence of the germ-layers along the longi- 
tudinal axia of the body; and the differentiation of an 
independent bony cord from this axial cord gave rise to the 
notochord. (Cf Fig, 88, 89, vol. i. pp, 300, 801.) In corre- 
Tation to the formation of this central notochord, the simple 
nerve-ganglia, lying over the throat in the Soft-worms, 
lengthened into a long nerve-cord, reaching from front to 
rear, above the notochord ; in this way, the medullary tube 
originated from the “ upper throat, ganglia.” 

‘As we have alroady minutely consid 
Significance of the Ascidians (Fig. 188) in this respect, as 
well a2 their close relations to the Amphioxus (F 
we will not tarry longer over this point now. 
repeat, that we must by no means regard the Ascidian 
as the direct parent-form of the Amphioxus and of the 
other Vertebrates, On the contrary, we assert that, on 
the one hand the Ascidi and on the other the Ver- 
tebrates, have both descended from one unknown 
Worm form, which has long been extinct; the nearest 
relatives of this among existing animals are tho Ascidian 
Tarver and the Appondicularia (Fig. 187), This unknown 
common parent-form must have belonged to the group of 
Chorda-animals, which we pointed out as the eighth 
ancestral stage in the human pedigree.™ Although we 
cannot form an entirely satisfactory idea as to all points 
of external and internal structure of this Chorda-animal, 
there is no doubt that, like its near relatives, the 
Mantlo-animals, and like the preceding ancestral stage 








red the great 

















fepresonted by the Soft-worma and Primitive Worms, it 
must be classified in the natural system of the animal 
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ce between ib 





kingdom as a genuine Worm The differ 
and other genuine Worms eannot have been greater than is 





Fic. 187.—Appendicutaria, veea from tho loft wide m, mouth ; J gill- 
intestine; 0 amophayu etomnchs 6, anus; 1, necveganglia (upper 
throat-knots); 9, eax-vesicle ; f, ciliated groove under the gill) A, heart ; 
t, tontes: , ovary ; ¢, notochord; 4, tat. 

Fie. 188—Steneture of an Ascidian (son from tho Joft, ax in Fig 
aud Fig. 14, Pinto XL)y 2b, gill-eaoy », 
hoarty f, testor) rl, seed-duct ; 9 ovary 
cavity. (After Miluc Edwards.) 
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tomnch; §, large intestine; 
matured eggs in tbe body. 
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‘diffirence between the extant Tape-worms and Ringed 
forms (Annelida). Morvover, in a certain sense we may 
regard the extant Appondicularia as a last remnant of the 
 Chordonia class. 

Wo have now studiod the most import- 
ant animal forms which occur in the pedigree 
‘of the human race, and which, in the zoo- 
Jogical system, must bo classed among the 
Worms. In leaving this lower class, and 
tracing our ancestry henceforth exclusively 
within the vertebrate tribe, we at once 
Ieave behind the great majority of animal 
forms, which branched off from tho worm 
tribe in entirely different directions. Whon, 
in @ previous chaptor (1X.), tho vertebrate 
‘nature of man was proved, it was incidentally 
mentioned that the very great majority of 
animals are in no way directly allied to our 
tribe. The parent-forms of the three other 
higher Animal tribes, the Articulated Animals 
(Arthropoda), Star-animals (Behinoderma), 
and Soft-hodied Animals (Mollusca), like 
the vortebrate tribe, originated from tho 








Pig, 189—Lancelet (Amphioaus tonceolatus), twice 
‘the actual size, seen frum the Jef (the longitudinal 
‘axis te reprosented vortically, the moath turned up. 
ward, tho tail downward, ae in Plate XI, Mg. 15)s 
d, mouthopening, mrrounded by cilia ; b, anal open- 


ty ceelom: %, notochord (under it thn aorta) 
‘of tho aorta; |, main gill-artary ; m, awallinga 
M ita Branchos; n, hollow voiny o, juteatinal vein, 








( 92) 


TABLE XVIII. 


Systematic Survey of the Phylogenetic System of tho Auimal Kingdom, 
founded on the Gastrin Theors and the Homology of the Germ-layers. 
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worm tribe; but the parent-forms of the three 
belong to worm-groups quite distinct from that of the 
Chordonia, Tt is only far down at the common root of the — 
group of Coclomati, that we assume a common source for 
these various tribal forms, (Cf, Tables XVIIL and XIX.) 
Tt is especially necessary to remember that there is no 
direct blood-relationship between Vertebrates and Articu- 
Iatod Animals, ! 
The Articulated Animals (Arthropoda), to which thi 
most comprehensive of all classes of animals, that of Insects, 
and also the Spiders, Centipedes, a8 well as the Crabs, or 
Crustaceans, belong, are descendants of articulated Worms, 
the nearest allies of which are the extant Ringed Worms 
(Annelida), The tribe of Star-animals (Hchinoderma), 
which includes the Star-fishes, Sea-lilies, Sea-urchins, and 
Sea-cueumbers, must also have descended from similar artien- 
lated Worms” The parent-form of the Soft-bodied Animals 
(Mollusca), which include the Cuttles, Snails, Mussels, and 
Lamp-shells, must also be songht among the Worms, But 
the Coelomati, from which these three higher animal tribes 
originated, differed entirely in charncter from the Chorda~ 
animals, Unlike tho latter, they never developed a noto- 
chord. In them, the anterior section of the intestinal tube 
‘was nover modified into a gill-body with yill-openings; nor 
were the upper throat-ganglia developed into a medullary 
tubo, In a word, in Articulated Animals, Star-animals, and 
Soft-bodied Animals, as well as in their ancestors among 
the Blood-bearing Worms, the typical structural peculiari- 
ties which are exclusively characteristic of the vertebrate 
tribe and of their immediate invertebrate p jitors, were 





never present. Thus the great majority of all animals are ~ 




















DEVELOPMENT OF VERTERRATES YROM INVERTEBRATES, 95 


ix no way the subject of our further investigations, which 
are only concerned with the Vertebrates, 

The development of the Vertebrates from the Tnverte- 
Drates most nearly related to them, the Chorda-Animals, 
occurred millions of years ago, during the Archilithie Epoch. 
(Sco ‘Table XIL, p. 11.) This is unmistakably shown by 
the fact that the most recont sedimentary rock-strata 
which wero deposited during that immense period of time, 
the higher layers of the Upper Silurian formation, contain 
remains of fossil Fishes (Primitive Fishes, Selachii), As 
these Fishes, although they belong to the lowest stage of 
the Skulled Animals (Craniota), yet possess a compara- 
tively high organization, and as they must nocessarily have 












boon preceded by a long progressive zeries of lower Skull- 
Tess Vertebrates, we must attribute the origin of the oldest 
Skull4ess Animals (Acrania) from the Chorda-animals to 
& much earlier part of the Archilithic Epoch. Therefore, 
not only all the invertebrate ancestors of our raco, but also 
the earliest form of our vertebrate progenitors must have 
developed in that primordial time, which includes the 
Laurentian, Cambrian, and Silurian Periods (Cf Tables 
XUEL, XIV, and XVI, pp. 12, 19, 44.) 

Unfortunately, Palwontology can give us absolutely no 
information with regard cither to the structure of our oldest 
vertebrate ancestors, or to the time of their appearance; 
for their bodies were as soft and as destitute of hard 
parts capable of fossilization, as were the bodies of all 
our proceding invertebrate ancestors. It is, therefore, not 





surprising, but quite natural, that we find no fossil 
femaing of the former in the Archilithic formations, The 
Fishes in which the soft cartilaginous skeleton was partly 
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modified into hard bono, are the eatliest Vertebrates eapable 
of leaving petrified records of their existence and structure. 
Fortunately, this want is more than counterbalanced 
by the much more important testimony of Comparative 
Anatomy and Ontogeny, which henceforth form our 
snfest guides within the Vertebrate pedigree. Thanks to 
tho classic researches of Cuvier, Johannes Miller, Huxley, 
and especially of Gegenbaur, we are in possession of auch 
extensive and instructive records of creation in this most 
important branch of tribal history, that we can prove at 
least the more significant features in the development of our 
Vertebrate ancestors, with the most gratifying certainty. 
‘Tho characteristic peculinrities hy which Vertebrates 
in general are distinguished from all Invertebrates, engaged 
our attention some time ago, when we examined the structure 
of the ideal Primitive Vertebrate (Figs. 52-56, p, 256). The 
most prominent characters were as follows: (1) the formation 
of the notochord between the medullary and intestinal tubes; 
(2) the differentiation of the intestinal tube into an anterior 
gill-intestine and a posterior stomach-intestine; (3) the 
inner articulation, or formation of metamera, The Verte- 
brates share the first two qualities with the larval Ascidians 
and with the Chorda-animals ; the third quality is entirely” 
peculiar to thom, Aceordingly, the most important struc- 
tural advance, by which the earliest vertebrate forms origin- 
ated from the most nearly allied Chorda-Animals, consisted 
in an internal metameric structure. This showed itself 
first most distinctly in the articulation of the muscular 
system, which broke up on the right and left into a series 
of eonseeutive muscular plates. At a later period the 
articulation declared itself prominently in the skeleton, and 
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norvoas and blood-vessel systema, As we have already 
geen, this proseas of articulation, or metamorie formation, 
must essentially be regarded as terminal germination. 
Each distinct trunk-segment, or motameron, represents an 
individual Thus the Vertebrates with their internal 
segmentation stand in a similar lation to their inarticulate 
Invertebrate ancestors, the Chorda Animals, as do the out- 
wandly segmented Ringed Worms (Awnelida) and Articu- 
lated Animals (Arthropoda) to the simple inarticulate 
Worms from which they originated. 

Tho tribal history of Vertebrat/ 
intelligible by the natural classification of the tribe which 
I proposed first in my Gencrelle Morphologie (1866), and 
afterwards improved inmany ways in“ The Natural History 
of Greation” (Chap. XX., p. 192, ete). In 
that, existing Vertebrates must be divided into at least 
eight classes, as follow: 


SYSTEMATIC SURVEY OF THE EIGHT CLASSES OF 
VERTEBRATES. 


is rondered much more 
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The whole Vertebrate tribe may primarily be di 
into the two main seetions of the Skull-less and the 
Skulled Vertebrates. Of the earlier and lower section, that 
of the Skull-less (Agrania), the Amphioxus is alone extant, 
To the more recent and higher section, the Skulled (Cra- 
niola), belong all other existing Vertebrates up to Man, The 
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Craniota branched off from the Acrania, as these did from 
the Chorda Animals. Our exhaustive study of the Compara- 
tive Anatomy and Ontogeny of the Ascidian and the 
Amphioxus have already afforded proof of this relation. (Of. 
Chapters XTIL and XIV. and Plates X. and XI. with the 
explanations) T will only repeat, as the most important 
fact, that the Amphioxus develops from the egy in exactly 
the same way as the Ascidian. In both, the original Boll- 
gostrula (Figs, 4 and 10) originates in an exactly similar 
manner, by primordial cloavage from the simple parent-cell 
» (Figs. 1 and 7). From this originates that remarkable larva, 
which develops a medullary tube on the dorsal side of the 
intestinal tube, and between the two a notochord. At a 
later period, both in the Ascidian and in the Amphioxus, the 
intestinal tube differentiates into an anterior gill-intestine 
and a posterior stomach-intestine. In accordance with the 
fundamental principle of Biogeny, from these very important 
facts we may deduce the following statement of great phylo- 
genetic importance: the Amphioxus, the lowest Vertebrate 
form, and the Ascidian, the most nearly allied Invertebrate 
form, have both descended from one single extinct Worm 
form, which rust have possessed the essential structure of 
the Chorda Animals. 

The Amphioxus, as has already been often shown, is 
of extreme importance ; not only because it thus fills the 
great gap between the Invertebrates and the Vertebrates, 
but also beeause it represents, at the present time, the 
typical Vertebrate in its simplest form; and because it 
directly affords the best standpoint from which to examine 
the gradual historic evolution of the whole tribe If the 
structure and germ-bistory of the Amphioxus were un- 
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known to us, the whole subject of the development of 
the Vertebrate tribe, and thus of our own race, would be 
enveloped ii apenetrable veil, The accurate anatomical 
and ontogenetic knowledge of the Aanph’ 
ring the last few years, has alone pierced that heavy voil, 
formerly supposed to be impenctrable, If the Amphioxus is 
compared with the developed Man or any other of the 
higher Vertebrates, a great numbor of striking dissimilarities 








us, attained 





‘will be seem, ‘The Amphioxus has no specialized head, no 
brain, no skull, no jaws, no limbs; it is without a central- 
ized heart, a developed liver and kidneys, a jointed vertebral 
column; every organ appears in a much simpler and more 
primitive form than in the higher Vertebrates and in Man. 
(Cf. Table X,, vol. i, p. 466.) And yet, in spite of all these 
various deviations from the structure of other Vertebrates, 
the Amphioxus is a genuine, unmistakable Vertebrate ; 
and if, instead of the developed Man, the human embryo 
at an early period of its Ontoges 
the Amphioxus, we shall find por 
the two im all cxsential points. (Cf. Table TX,, vol, i p. 465.) 
This highly important parallelism justifies the conclusion 
that all the Skulled Animals (Craniota) have descended 
from common primeval parent-form, the structure of 
which was essentially that of the Amphioxus. This parent- 
form, the earliest Primit 
peculiar characters of the Vertebrates, and yet was without 
all those important peculiarities that distinguish the Skulled 
Animals from the Skull-less. Although the Amphioxus ap- 
pears peculiarly organized in many respects, and although 
d descendant of the 








y is compared with 
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ertebrate, possessed the 








it may not be regarded as an unmod 
Primitive Vertebrate, yet it must have inherited from the 
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mentioned. We cannot therefore say that the Amphioxus is 
‘the progenitor of the Vertebrates ; but we may certainly say 
that the Amphioxus of all known animals is nearest allied 
to this progenitor ; both belong to the same limited family 
group, to the lowest Vertebrate class, that of the Skull-less 
Animals (Acrania), In the human pedigree, this group 
forms the ninth stage of the ancestral chain, the first among 
Vertebrate ancestors, From this Skulldess group was 
developed the Amphioxus on the one side, and on the other 
the parent-form of the Skulled Animals (Craniota). 

The comprehensive group of the Skulled Animals 
includes all known Vertebrates, "with the single exeep- 
tion of the Amphioxus. All these Skulled Animals 
possess a distinct head, inwardly specialized from the 
trank, and this contains a skull, enclosing a brain. This 
hend also carries three of the higher sense-organs, which are 
partially wanting in the Skull-less Animals (nose, ears, and 
eyes). At first, the brain appears in a very simple form, ay 
an anterior bladder-like extension of the medullary tube 
(Plate XI. Fig. 16,m,), This, however, is soon distributed by 
several tranverse grooves—first into three, and afterwards 
into w series of five consecutive brain-bladders. Jn the 
formation of the head, skull, and brain, together with the 
higher sense-organs, lies the most essential advance made 
by the skulled paront-form beyond its skull-less ancestors, 
Other organs, however, also soon rose to a higher grade 
of development; a compact centralized heart appeared, 9 
more perfect liver and kidneys; and in other direetions 
also important advance was made. 

The Skull-less Animals may be primarily subdivided 
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into two differing main sections, that of the Single-nostrils 
{Monorhis:), and that of the Double-nostrils (Amphirhina). 
Of the former there are but very few extant forms, which 
are called Round-mouths (Cyclostoma). These ai 
‘of gront interest, because in their whole structure they are 
intermedinte between the Skull-lees Animals and the Double 
nostrils (Amephirhina), Their organization is much higher 
than that of the Skull-less Animals, much lower than that 
Of ths Double-nostrils; they thus form ia very welsome 
phylogenetic link between those two divisions, We may 
therefore represent them as a special, tenth stage in the 
human ancestral series 

The fow existing sp 





, however, 











s of the class of Round-mouths are 
distributed into two different orders, which are distinguished 
as the Haga and the Lamprya The Hags (Myzxinoides) 
have long, cylindrical, worm-like bodies, Linnmus classed 
them among Worms, but later zoologists have placed them, 
sometimes among the Fishes, sometimes Amphibians, and 
again with Molluses The Hags live in the sea and are 
usually parasitic on Fishes, into the skin of which they 
penetrate by means of their round sucking mouths and 
their toothed tonguos. They aro occasionally found in the 
hody-cavity of Fishes—for example, of the Cod and Stur. 
geon—having penctrated to the interior in their passage 
throngh tho skin, ‘Tho second order, that of tho Lampreya 
{Petromysontes), includes those well-known “ Nine ey 
common ab the seaside; the little river Lamprey (Petro- 
myzon fluviatilis) and the lange sea Lamprey (Petromyzon 
marinus, Vig, 190). 

The animals included in the two groups of the Myet- 
noides and the Petvomyzontes, aro called Round-mouths 
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(Cyclostoma), from the fact that their mouth forms 
or semi-cireular opening. The upper and under jaws, 
which appear in all the higher Vertebrates, are completely 
wanting in the Round-mouths, as in the Amphioxua Ali 
other Vortebrates are therefore distinguishable from them 
as “Jaw-mouthed” (Gnathostomi). The Round-mouths may 
also be called " Single-nostrils” (Monorhina), because they 
have but a single nasal tube, while the Gnathostomi are all 
farnished with « pair of nasal cavities, a right and a left 
nose-cayity (“ Double-nostrilled," Amphirhina), But in 
addition to these peculiarities, the Jaw-mouths are also 
distinguished by many other remarkable structural arrange- 
ments, and are furthor removed from the Fishes than the 
| latter are from Man. They must, thorefore, evidently be 
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rogarded as the last remnant of a very old and very low 
class of Vertebrates, which are far below the structural 
stage of a genuine Fish. To mention here briefly only 
} the most important, the Round-mouths are entirely with- 
i; ont any trace of limbs, Their slimy skin is quite 
| naked and smooth, without scales. They are wholly 
destitute of a bony skeleton. The inner skeleton axis is 
| a vory simple inarticulate notochord, like that of the 
Amphioxus, In the Lampreys alone a rudimentary articu- 
lation is indicated by the fact that upper arches appear in 
the vertebral tube proceeding from the notochord sheath, 
At the anterior end of the chorda a skull is developed in 
its very simplest form From the notochord sheath pro- 
ceeds small soft-membraneous skull capsule, which 
becomes partly cartilaginous: this eapsule encloses the 
brain. The important apparatus of the gill-arches, the 
tongue-bone, ete, which is inherited by all Vertebrates 
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from. Fishes to Man, is wholly wanting in 
the Round-nouths, They have, indeed, « 
snperficial, cartilaginous gill-skelcton, but this 
is of quite different morphological significance. 
On the other hand, in them we mect, for the 
first time, with a brain, that important 
mental organ, which has been transmitted 
from the Single-nostrils up to Man. Itis true 
that in tho Round-months tho brain appears 
monly as a very small and comparatively 
insignificant swelling of tho spinal chord; at 
first a simplo bladder (Plate XL. Fig. 16, m,), 
which afterwards separates into five consecu- 
tive brain-bladders, as in the brains of all 
Double-breathers, These five simple primitive 
brain-bladdors, which reappear in a similar 
form in the embryos of all highor Vertebrates, 
from Fishes up to Man, and which undergo 
& very complex modification, remain in the 
Round-mouths, in a very low and undifferen- 
tinted stage of derclopment, The histological 
elementary structure of the nervous system is 
also much more imperfect than in other Verto- 
Iantes. While in the latter the organ ot 
hearing always has three semi-cireular eanals, 
im the Lampreys it has but two, and in the 
Hage but one, In most othor points also, 
the organization of the Round-mouths is 


Pio. 190, —Tho large Sow-lampry (Petromysom mark. 
#54), moh redocod in ive. A sovies of woven gill-opon- 
ings are visible bolow the oye. 
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much simpler and more imperfect, as, for instance, in the 
structure of tho heart, the circulatory system, and the 
kidneys. In them, as in the Amphioxus, the anterior 
portion of the intestinal canal does, indeed, form respiratory 
gills ; but these respiratory organs are developed in a very 
peculiar way : in the form of six or seven Tittle pouches, or 
sacs, which lie on both sides of the anterior intestine and 
communicate with the throat (pharynx) by inner openings, 
and by outer ones with the external skin. This is a very 
peculiar formation of tho respiratory organs, quite cha- 
racteristic of this class of animals, They have therofore 
been called the * Pouch-gilla” (Marsupobranchii), The 
absence of one very important organ found in the Fishes, 
the swimming-bladder, from which the lungs of the higher 
Vertebrates have developed, should be especially noticed. 

In their germ-history, as in their whole anatomical strac- 
ture, the Round-mouths present many peculiarities, They 
‘are even peculiar in the unequal cleavage of the egg, which 
most nearly approaches that of the Amphibians (Fig. 31, 
vol. ip. 2038). This results in the formation of a Hood- 
gastrula, like that of Amphibians (Plate IL. Fig. 11). From 
this develops a very simple organized Jarval form, which is 
closely allied to the Amphioxus, and which, for that reason, 
we examined and compared with the latter (vol. Lp. 428, 
and Plato VIII. Fig. 16). The gradval germ-cvolution of 
these larve of the Round-mouths explains very clearly and 
unmistakably the gradual evolution of the Skulled from the 
Skull-less class of Vertebrates, At a later period, from 
this simple Lamprey larva is developed a blind and tooth- 
leas larval form, which is so very different from the mature 
Lamprey that, until twenty years ago, ib was gencrally 
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described as a peculiar form of fish under the name of 
Ammocetes, By « farther metamorphosis this blind and 
toottiless Ammocertes is transformed into the Lamprey with 
eyes and teeth (Petromyzon)*" 

Summing up all these peculiarities in the structure and 
embryology of tho Round-montha, we may assert that the 
oldest Skalled Animals, or Craniota, diverged in two lines; 
@ne of these lines has continued up to the present. time 
Hut little modified; it is represented by the Cyclostoma, 
or Monorhina, forming a collateral line which has made 
Dut little progress, but has remained at a very low stage of 
development. The other line, the direct line in the pedigree 
of the Vertebrates, advanced in a straight line to the Fishes, 
and by now adaptations attained many important improvo- 
ments, 

In order rightly to appreciate the phylogenetic signi 
ficance of interesting remnants of primeval groups of 
animals, such as the Round-mouths, it is necessary to study 
minutely their various peculiar characters philosophically 
and with the aid of Comparative Anatomy. A careful 
distinction must be drawn between the he 
ractera which have been accurately transmit 
present day by heredity from common, primeval ancestors, 
now extinct, on the one hand; and, on the other, those 
special adaptive peculiarities which the existing remnant 
of that primeval group have, in the course of time, gained 
secondarily by adaptation. To the latter class belong, 
for example, in the Round-mouths, the peculiar formation 
of the single nostril and the round sucking mouth; as 
well 28 special structural arrangements of the epidermis 
and the pouch-shaped gills. But, on the other hand, to the 
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former class of characteristics, which alone have any phylo- 
genctic significance, belong the primitive formation of the 
vertebral column and the brain, the absence of the swim- 
ming-bladder, of jaws, limbs, ete. 

In the animal gystem, the Round-mouths aro usually 
classed among Fishes; but that this is quite incorrect is 
apparent from the simplo fact that, in all important and 
prominent structural peculiarities, they are further removed 
from the Fishes than the Fishes are from the Mammals and 
from Man. 


| 





CHAPTER XVIIL 
THE PEDIGREE OF MAN. 


TIL Faom te Puimrnve Fien to Tux Axsiorto Anmat. 


Comparative Anatomy of the Vertetwntes,—The Characteristic Qualities of 
‘the Double.nostrilled and Jaw-monthed + the Double.Nostrils, the Gill: 
arch Apparstas, with the Jaw.archos, tho Switmming-bladdor, the Two 
Pairs of Limbe—Relationship of the Throo Groups of Fishes | the Brix 
uiltive Fiuhos (Seluchii), the Ganoids (Janoiides), tho Oucout Fiabe 
(Telcontes}-—Dawn of Terrestial Lifo on the Kurth. Meditication of 
the Swimming-bladder into the Lungs —Interinediate Position of the 
Dipoousta between the Primitive Fishes and Amphibia—The Three 
Extant Dipnousta (Protopterus, Lepidoriren, Ceratodns).—Modification af 
tho Many-tood Fin of the Fish into the Five.toed oot--Cansos and 
Effects of the lator —Deacont of all Higher Vertobratos from a Five-tocd 
Awphibian—Intermediate Pesition of the Amphibians between the 
Lower and Wigher Vertebrates—Modification or Metamorphoels ot 
Finge—Difforent Stages in pian Metamorphosis, —The Gilled 
Batrachiane (Proteus and Axolotl) —Tho Tailod Batrachians (Salanan. 
dors and Mud-fish).— Prog Matrochians (Froge and Toods),—-Chief 
Group of the Amnion Animals, or Amniota (Reptiles, Birds, and 
Maimmals).—Descent of all the Amniota from a Common Lirard.like 
Parent-form (Protamnion) —Pirst Formation of the ANlantols and of the 
Awnion.—Branching of the Amnion Animals in ‘Two Lines = on the ane 
side, Reptiles (nnd [Birds), on tho other side, Maromnls, 



























*‘The imagination in on indispenmable fhoulty y for it is that which, by 
forming now combinations, occasions important dikcoveries. ‘Tho nataralist 
peeds both the divoriminating power of abstract reason, and the generalizing 
powor of the (maginntion, and that the two should be harmoniously intor. 
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related. Tf the propor balanco of these faculties is destroyed, the wataralist 
is hurried into chimerieal famoies by his imagination; while the sume x 
Toads the gifted naturalist of wuflcient strength of ruason to tho m 
important discoveries.” —Jonanses MOrten (1834). 





‘Tun further we proceed in human tribal history, the nar- 
rower does that part of the animal kingdom become within 
which we must look for extinct ancestors of the human 
race, At the same time, the evidence as to the history of 
the evolution of our race given by what we have called the 
records of creation, the evidence of Ontogeny, of Compara 
tive Anatomy, and of Palmontology, grows constantly more 
extensive, complete, and trustworthy. It is. therefore 
natural that Phylogeny should assume a more definite farm 
the nearer we approach the higher and the highest stages 
of the animal kingdom. 

Comparative Anatomy especially has done far more for 
our knowledge of these highor stages of evolution in the 
animal Kingdom than for the lower. This important 
science, which aims at a true philosophy of organic forms, 
has made greater progress in the Vertebrate tribe than in any 
seetion of the Invertebrate. Cuvier, Meckel, and Johannes 
Miller had alendy laid a deep and extensive foundation ; 
and now the Comparative Anatomy of Vertebrates las 
recently been powerfully advanced by the admirable inves- 
tigations of Owen and Huxley, and, expecially, has been 
perfected to such a degree by the unsurpassed labours of 
Gegonbaur, that it now forms one of the strongest supports 
of the Theory of Descont, Relying on the evidence thus 
furnished, we ean now, with a great degree of certainty, 
recognize the most important outlines of the series of stages 
and the ramifications of the Vertebrate pedigree. 
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‘That part of the animal kingdom with which we are 
now concerned has become so narrow, even before we have 
Teft the Archilithic Epoch, that but a single one of the 
seven tribes of the animal kingdom forms the object of our 
study, Even within this tribe we have passed the lowest 
steps, and have risen above the Skull-less (Acrania) and 
Double-nostrilled Vertebrates (Monorkina), to the class of 
Fishes. The latter are the first of the great main division 
of Vertebrates distinguished by mouths with jaws and by 
double nostrils (Amphirhina, or Gnathostoma), Krom Fishes 
owe start again, as from that class of Vertebrates which are 
indubitably shown by Comparative Anatomy and Ontogeny 
to be the ancestral class of all higher Vertebrates, all Am- 
phirhina, Of course no existing Fish ean be regarded as 
the direct parent-form of tho highor Vertebrates, But it is 
equally certain that from a common extinet Fish-like 
parent-form we may trace ull those Vertebrates from Fishes 
up to Man, which aro included under the name of Am- 
phirhina, [Lf this primeval parent-form were extant, we 
should undoubtedly describe it as n genuine Fish and class 
itamong Fishes. Fortunately, the Comparative Anatomy 
and Clwsification of the Fishes has been so far advanced 
(thanks to the labours of Johannes Miiller and Gegenbaur) 
‘that we can very clearly distinguish these most important 
‘and interesting genealogical relations. 

In order correctly to understand the human pedigree 
within tho Vertebrate tribe, it is very important to bear in 
‘mind tho distinguishing characteristics, separating Fishes 
and all tho other Double-nostrila (Amphirhina) from 
‘Single-nostrilled and Skull-less Animals (Monorkina and 
Acrawia). These very distinguishing characteristic marks 
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Fishes have in common with all other Double-nostrils up — 
to Man, and it is on this parallelism that we found our — 
claim of relationship to Fishes, (Of Table X, vol. i 
p. 466.) The following characters of the Double-nostrils 
must be especially indicated as the systeinatic anatomical 
features of the highest importance: (1) the double structure 
of the nose; (2) the internal gill-arch apparatus, together 
with the jaw-arches; (3) the swimming-bladder, or hinges 
and (4) the two pairs of limbs. 

As to the nasal structure, on which is based the distine- 
tion of tho Singlo-nostrila (Monorhina) from the Double- 
nostrils (Amphirhina), it is certainly significant that even in 
Fishes the earliest rudiment of the nose consists of twoen- 
tirely distinct lateral grooves or pits in the outer surface of 
the head, just as is the case in the embryo of Man and of all 
higher Vertebrates. On the other hand, in Single-nostrils 
and Skull-less Vertebrates the first rudiment of the nose is, 
from the first, a single pit in the centre of the forehead 
region, No less important is the higher development of the 
skeleton of tho gill-arch and of the jaw apparatus connectod 
with it, aa it occurs in all Double-nostrils from Fishes to 
Man. It is true that the prinitive modification of the 
anterior intestine into the gill-intestine, which occurs even 
in Ascidians, ix developed in all Vertebrates from one simple 
rudiment; and in this respect the gill-openings, which in 
all Vertebrates and also in Ascidians pierce the wall of the 
gill-intestine, are quite characteristic, But the external 
framework of the gills, which in all Skull-less and Single- 
nostrilled Animals (Acraniota and Monorkine) supports 
the gill-body, is displaced in all Double-nostrila (A mphi- 
yhina) by an internal gill-skeleton which replaces the former, 
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‘This internal gill-support consists of 2 consecutive series of 
cartilaginous arches, which are sitanted between the gill- 
openings within the wall of the throat (pharynx), and 
extend round the throat. The foremost of these paim of 
gill-arches changes into the jaw-arch (maxillary arch), 
which gives rise to the upper and lower jaws, 

A third essential character by which all Double-nostrils 
are well distinguished from all those lower Vertebrates 
which we have alrealy considered, is the formation of a 
Tilind sae which protrudes from the anterior portion of the 
intestinal canal, and which in the Fishes becomes the air- 
filled swimming-bladdor (Plate V. Fig. 13, ln). As this 
organ, in proportion as it contains a greater or less quantity 
of air, or in proportion as this air is more or less compressed, 
imparts a higher or lowor specific gravity to the Fish, it 
acts a3 a hydrostatic apparatus. By this means the Fish 
can rise or sink in the water, This swimming-bladder is 
the organ from which the lung of higher Vertebrates has 
developed. The fourth and last main character of Double- 
nostrils ix the presence of two pairs of extremities or 
members in the primitive arrangement of the embryo; a 
pair of fore limbs, which in Fishes are called pectoral fins 
(Fig. 191, v), and a pair of hind limbs, which in Fishes are 
‘called ventral fins (Fig. 191,/), The Comparative Anatomy 
of these fins is of supreme interest, because they contain 
the rudiments of all those parts of the skeleton which, in 
all the higher Vertebrates up to Man, form the sk 
support of the extremities of the fore and hi 
‘Skull-less and Single-nostrilled Animals there is on the 
contrary, no trace of these extremities. In addition to 


‘these four most important main characters of the Amphi- i 














rhina, we might further mention the presence of a sym-— 
pathetic norve-system, a spleen, a ventral salivary gland ; 
organs which are not represented in the lower Vertebrates 
niready considered. All these important parts have trans-— 
mitted themselves from Fishes up to Man, and from this 
circumstance alone it is evident how wide a chasm 
rates the Fishes from the Skull-less and Single-nosteill 

Animals (Aeraniota and Monorhina). Fishes and io 
possess all these characters in common (Table X.). 

_ Turning now to consider the Fish class in greater 
we may divide it primarily into three main groups, or sul 
classes, the geneslogies of which are evident. The first 
and most ancient group is that of the Primitive Fishes 
(Selachii), the best-known extant representatives of which 
are the members of the much-varied orders of Sharks and 
Rays (Figs. 191,192), These are followed by a series of 
farther developed Fish forms, by the sub-class of Mucous 
Fishes (Ganoides), ‘The greater number of these have long 
‘been extinct, and only very few living representatives are 
known; these are the Sturgeon and Huso of European seas, 
the Polypterus of African, and the Lepidosteus and Amia 
of American rivers, The earlier abundance of forms belong- 
ing to this interesting group ia, however, proved by the 
abundance of their fossil remains. From these Mucous 
Fishes originated the third sub-class, that of the Osseous 
Fishes (Zeleostei), to which belong most extant Fishes, espe= 
cinlly nearly all our river fish, Comparative Anatomy 
and Ontogeny very clearly show that the Ganoids sprang 
from the Selachii, just as the Teleostei sprang from the 
Ganoids But, on the other hand, a second side-line, or 
rather the main ascending line of the Vertebrate tribe, 

















Fro. 192, 
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Fro, 191.—Embryo of a Shark (Scymmus Tichia), een from ventral sides 
¥, pectoral fins (in front of these five pairs of gill-openinys) ; hy ventral fins; 
a, wnal epening; 4, tail fins &, external gill-tofts; d, yolk-me (the greater 
part of this has been removed); y, eyo; m, noses m, mouth eure, 

Fio, 194—Doroloped Man-shark (Carcharias molanopterva), seen from 
the left sido: 7, first, r, second dorsal fin; s, tail On; a, anal fin; v, pectoral 
fus; i, ventral fox 





developed in another direction from the Primitive Fishes; 
this line Jods upward through the Dipneusta group to the 
important class of Amphibia, 

This significant relationship between the three groups 
of Fishes has been placed beyond all doubt by the re- 
searches of Gegenbaur on the subject. ‘The lucid discussion 
on the “systematic position of the Selachii” which that 
author inserted in the introduction to his classe study of 
tho “head skeleton of the Selachii,” must be regarded as 
definitely proving this important rolation.® In Pfimitive 
Fishes (Selachii), however, the seales (skin appendages) 
ond the tecth (jaw appendages) are identical in formation 
and structure, whilo in the other two groups of Fishes 














(Mucous and Osseous Fishes) these organs have already 





become distinct and differentiated, Moreover, in Primitive 
Fishes, the cartilaginous skeleton (the vertebral column 
and tho kul, ax well as the mombers) is of the simplest 
and most primitive nature, of which the bony skeletons 
of Mucons and Osseous Fishes must be regarded as a 
modification. It is trae that in certain respects (in the 
structure of the heart and of the intestinal eanal) Mucous 
Pishes fully coincide with Primitive Fishes, and differ from 





Osscous Fishes. But a comparative review of all the 
anatomi 





ical relations plainly shows that the Mucous Fishes 
constitute a connecting group between Primitive and 





} 
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“Osseous Fishes The Primitive Fishes (Selachii) form the 
‘most ancient and original group of Fishes From these, 
in one direction, all other Fishes have developed; the 
‘Mucous Fishes first, which, at a much later period (in the 
Jurassic, or the Chalk Period), gave rise to the Osseous 
‘Fishes. In another direction, the Primitive Fishes gave 
‘rise to the parent-forms of the higher Vertebrates, directly 
to the Dipneusta, and thus to Amphibians, Regarding the 


| Selachii as forming the eleventh stage in our pedigree, these 


‘would be followed by the Dipneusta group as the twelfth 
stage, and by the Amphibian group as the thirteenth stage. 

‘The advance effected in the development of the Mud- 
fishes (Dipneusta) from the Primitive Fishes is of great mo- 
mont, and is connected with a very noticeable change, which 
took place in the beginning of tho Palwozoic, or Primary 
Period in organic life as a whole. For the very numerous 
fossil remains of plants and animals which are now known to 
belong to the first three epochs of the history of the earth— 
to the Laurentian, the Cambrian, and the Silurian Periods, 
are exclusively those of aquatic plants and animals, From 
this palontological fact, taken in connection with certain 
weighty geological and biological considerations, we may 
infer, with tolerable certainty, that at that time no land 
‘animals yet existed. During the whole of the enormous 
Archizoic Period—during many millions of years—the living 
population of our globe were all water-dwellers: a very 
remarkable fact, when it is remembered that this period 
‘embraces the larger half of the entire organic history of the 
‘earth. The lower animal tribes are even now exclusively, 
‘or with very few exceptions, aquatic But during the 
“Arehizoie, or Primordial Epoch, the higher animal tribes 
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continued exclusively adapted to aquatic habits of life. Th 
was not till later that they adopted a land life. The earliest 
fossils of terrestrial animals occur in the Devonian strata, 
which were deposited in the beginning of the second great 
division of the earth's history (the Palwozoie Epoch). They 
increase greatly in number in the deposits of the Coal and 
Permian Periods. Even in these carly formations many 
terrestrial and air-breathing species, both of the Arthro- 
pod and of the Vertebrate tribe, occur; while their aquatic 
ancestors of the Silurian Period breathed nothing: but 
wator. This physiologically significant modification of the 
mode of respiration is the most influential ehange that 
affected the animal organism in the transition from water 
to dry land. In the first place it eaused the development 
of an air-breathing organ, the lung, the water-breathing: 
gills having previously acted as respiratory organs, Simul 
taneously, however, it effected @ remarkable change in the 
circulation of the blood and in the organs connected with 
this; for these are always most closely correlated with the 
respiratory organs. In addition to these, other organs alse, 
either in consequence of more remote correlation with the 
respimtory organs, or in consequence of new adaptations, 
were more or less modified. 

Within the Vertebrate tribe it was undoubtedly a branch 
of the Primitive Fishes (Selachii) which, during the De- 
vonian Period, made the first successful effort to accustom 
itself to terrestrial life and to breathe atmospheric air Tm 
this the swimming-bladder was especially of serview, for it 





succeeded in ndapting itself to respiration of air, and so 
beeame a lung. The immediate consequence of this was 
the modification of the heart and nose. While trae Fishes 
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have only two blind nose-pits on the surface of the head, 
these now became connected with the mouth-cavity by an 
‘open passage. A canal formed on each side, leading directly 
from the nose-pit into the mouth-cavity, and thus even 
while the mouth-opening waa closed the necessary atmo~ 
spheric air could be introduced into the lungs. Whilo, 
‘moreover, in all truc Fishes the heart consists simply of two 
‘compartments, an auricle, which receives the venous blood 
from the veins of the body, and « ventricle, which forces 
this blood through an arterial expansion into the gills, the 
auricle, owing to the formation of an incomplete partition 
wall, is now divided into a right and a left half 
“The right auricle alone now received the venous blood of 
the body, while the left auricle received the pulmonic 
venous blood passing from the lungs and the gills to the 
heart, The simple blood-circulation of the true Fishes thus 
Decame the so-called double circulation of the higher Ver- 
tebrates; and this development resulted, in accordance with 
the laws of correlation, in further progress in the structure 
of other organs. 

The vertebrate class, which thus first adapted itself to 
the habit of breathing air, and which originated from a 
branch of the Selachii, are called Mud-fishes (Dipneusta), 
or Double-breathors, because, like the lowest Amphibia, 
they retain the earlior mode of breathing through the gills, 
in addition to the newly acquired lung-respiration, ‘This 
class must have been represented by numerous and diverse 
genera during the Palmolithie Epoch (during the Devonian, 
arboniferous, and Permian Periods). As, however, the 
skeleton is soft and cartilaginous, like that of the Selachii, 
they naturally lef no fossil remains, The hard teeth of 


le 
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single genera (Ceratodus) could alone endure; these occur, 
for instance, in the Trias, At the present time there are 
only three extant genera of this whole class: P 

awnectens, in the rivers of tropical Afrien (White Nile, 
Nigor, Quillimane, ete.); Lepidosiren paradoxa, in tropical 
South America (in the tributaries of the Amazon); and 
Ceratodus Fosteri, in the swamps of Southern Australia 
(Plate XIL). This wide distribution of the three isolated: 
descendants of the class is alone sufficient to prove that 
they are the Inst remnants of & gronp which was formerly 
very widely developed. The whole structure of their 
bodies shows that the group to which they belong forms the 
transition between Fishes and Amphibia. The direct tran- 
sitional structure between the two classes is 60 clearly 
oxpressod in tho whole organization of theso curious animals, 
that goologiste yot dispute whether the Dipneusta are 
Fishes or Amphibia, Some well-known zoologists still class 
them among Amphibia, while they are usually placed 
among Fishes. In fact, the characters of both the classes 
are so united in the Dipnousta that the answer to the 
question as to their nature depends entirely upon the mean= 
ing attachod to the terms “Fish” and“ Amphibian” Tn 
their mode of life they are trues Amphibia. During the 
tropical winter, in the rainy season, they swim in the water 
like Fishes and inhale water through the gills’ During the 
dry season they burrow in the mud as it dries mp, and 
during that period breathe air through lungs, like Ame 
phibians and higher Vertebrates. In this two-fold respira- 
tion they do, it is truo, coincide with the lower Amphibia, 
and stand far above Fishes. Yet, in most other characters 
they more nearly resemble the latter, and stand below the 
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former. Their external appearance is entirely like that of 
‘Fishes, 

The head of the Dipneusta is not distinct from the 
trunk. The skin is covered with large fish-sealea. The 
skeleton fs soft, cartilaginous; its development has been 
arrested at a very low stage, just as in tho lowor Primitive 
Fishes, The notochord is retained entire. The two pairs of 
limbs ars very simple fins of primitive structure, like those 
‘Gf the lowest Primitive Fishes. The structure of the brain, 
‘of the intestinal tube, and the sexual organs, is also as in 
Primitive Fishes. The Dipneusta, or Mud-fishes, have, there 
fore, by horedity, accurately retained many features of a 
Tower organization derived from our primaval Fish ancestors, 
while their adoption of tho habit of breathing air through 
Jungs introduced a groat advanco in the vertebrate organi- 
zation, 

Moreover, the three extant Mud-fishes differ a good deal 
from one another in important points of structure. The 
Australian Mud-fish (Ceratodus), which was first described 
at Sidney in 1870 by Gerard Krofft, and which attains a 
length of six feet, appears in an especial degree to represent 
4 primeval and very conservative animal form (Plate XIL). 
‘This is especially truo of tho structuro of its simple lung, 
and of its fins, which contain a pinnate skeleton. In the 
‘Afiican Mud-fish (Protopterus), on the contrary, and in the 
‘American form (Lepidoviven) the double lung is present, ag 
in all higher Vertebrates ; nor is the fin-skeleton pinnate. 
In addition to the internal gills, Protopterus has also ex- 
ternal gills, which are wanting in Lepidosiren. Those 
unknown Dipneusta, which were among our direct ancestors, 
and which formed the connecting link between the Solachii 
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TABLE XX. 


Syatematic Survey of the Phylogenetic Classification of 
Vertebrates. 
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TABLE XX1. 
Pedigree of Vertebrates. (Gf. Plate XV.) 








8, fSammals 
Mammalia 
Doable-tunged 9. Bind 
Dipneumoner Aven 
Singlo-lansoa | 
Monopnenmones 6. Reptilos 
‘Oxseous fish Reptilia 
Teleostet ! 
[amet 
— ‘Bunion Animals 
tid Mud.fich Amniota 
Protoptert | 
6. Batrachians 
‘Amphibia 
_ 
4, {Eudefish 
Dipneusta 
—=$$= ——_ «soLampreys «= Tage 
Primitive fishes Selachil Petvomyeonter Mysinoides 
8. Finhos Pisonr | | 
Doublenostriller = 
Amphighina 2, Round-mouthe 
Cylostoma 
———— 
Single-nostriliey Monorhina 
‘ShulleO Animals Craniote 
1. Tube-hearted 
BSoa-aquirta Leptocardia 
dacidia 
‘Seo-barrele Shulbless 
Thaliacea ‘Acranis 
i Bertebrates 
—— Vertebrate 
Mantled Animals 
‘Tunieats 
Chorda-Animals 
Chononia 
Worms 
Formas 


122 THE EVOLUTION OF MAN. 


and the Amphibians, were doubtless in many respects 
different from their three direct descendants of the present 
time, but in the most essential characters they must have 
coincided with the latter. Unfortunately, the gorm-history 
of the threo surviving Mud-fishes is as yot entirely wane 
known; probably at some future time it will afford us 
further important information as to the tribal history of the 
lower Vertebrates and so of our ancestors. 

Very important information of this kind has been 
supplied by the next Vertebrate class, that of the Batra. 
chians (Amphibia), which is directly connected with the 
Dipneusta, from which it originated. To thin clase belong 
the Axolotl, Salamanders (Plate XIIL), Toads, and Frogs 
Formerly, after the example of Linnwus, all Reptiles (Lizards, 
Snakes, Crocodiles, and Tortoises) were also classed among 
Amphibia, But these animals are of n far higher organiza- 
tion, and in the most important characters of their ana= 
tomical structure are more nearly allied to Birds than te 
Amphibians, The true Amphibia, on the other hand, are 
more nearly allied to the Double-breathers and to Primitive 
Fishes: they aro also much older than Reptiles, Even as 
early as the Carboniferous Period numerous very highly 
developed Amphibia (some of large size) were extant, wherens 
the earliest Roy towands the close af 
the Permian Period, In all probability the Amphibia were 
developed from Double-breathers at an even earlier period 
during the Devonian Period. The extinct Amphibia, of 
which fossil remains have been preserved from that most 
ancient Primeval Epoch—and these aro especially numerous 






les first appear only 





in the Trins—were distinguished by a large bony coat of mail 
overlying the skin (like that of the Crocodile), while most 
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of the yet extant Amphibians have a smooth and slippery 
skin, The latter, also, are on an average smoother than the 
former, and must be regarded as their stunted posterity. 
Among the Amphibia of the present time we are, 
therefore, unable to find any forms that are directly referable 
to the pedigree of the human race, or that are to be re- 
garded as ancestors of the three higher Vertebrate classes ; 
Yet,in important points of their intornal anatomical struc- 
turo, and especially in their germ-development, they cor- 
rospond so closely with us, that we are justified in affirming 
that between the Doublo-broathers (Dipnewsta) on the one 
hand, and the three higher Vertebrate classes (grouped 
together as Amniota) on the other, there existed a series of 
‘extinct intermediate forms which, if we had them before us, 
we should class among Amphibia, The whole organization 
‘of the extant Amphibia represents a transitional group of 
this kind. In the important matters of respiration and 
eirenlation of the blood, they are still closely allied to the 
Double-breathers, although in other respects they rise above 
the latter This is especially true with rospect to the ad- 
yanced structure of their limbs or extremities. The latter 
__ hors for the first time appear as feot with five digits. ‘The 
thorough researches of Gegenbaur have shown that the fins 
‘of Fishes, concerning which very erroneous views were pre- 
viously held, are feet with numerous digits; that is to say, 
the several cartilaginous or osseous rays, many of which occur 
in every Fish-fin, correspond to the fingers or digits on the 
“Himbs of higher Vertebrates. The several joints of each ray 
"correspond to the several joints of each digit, In the Double- 
‘breathers the fin yet retains the same structure as in Fishes, 
and it was only gradually that the five-toed form of foot, 
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which occurs for the first time in Amphibians, was developed 
from this multi-digitate form. This reduction in the number 
of the digits from ten to five occurred in those Dipneusta 
which must be regarded as the parent-forms of the Amphibis, 
probably as carly as the lattor half of the Devonian Period— 
or, at latest, in the immediately subsequent Carboniferous 
Period. Several fossil Amphibia with five digits have already 
been found in the strata of the latter period. Fossil foot 
prints of the same animals are very numerous im the 
‘Trias (Cherotheriun). 

The great significance of the five digits depends on the 
fact that this number has been transmitted from the 
Amphibia to all higher Vertebrates, It would be impossible 
to discover any reason why in the lowest Amphibia, ag well 
as in Reptiles and in higher Vertebrates up to Man, 
there ahould always originally be five digita on each of the 
anterior and posterior limbs, if we denied that heredity 
from a common five-fingered parent-form is the efficient 
cause of this phenomenon: heredity can alone account for 
it, In many Amphibia, certainly, a8 well as in many higher 
Vertebrates, we find less than five digits. But in all these 
cases it can be shown that separate digits have retrograded, 
and havo finally been completaly lost. 

The causes which offected the development of the five- 
fingered foot of the higher Vertebrates in this Amphibian 
parent-form from the many-fingcred foot, must certainly be 
found in the adaptation to the totally altered functions 
which the limbs had to discharge during the transition from 
an exclusively aquatic life to one which was partially 
terrestrial, While the many-fingered fins of the Fish had 
previously served almost exclusively to propel the body 
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‘through the water, they had now also to afford support to 
the animal while creeping upon land. This effected a 
‘modification both of the skeleton and of the muscles of 
the limbs. The number of fin rays was gradually lessened, 
and was finally reduced to five. These five remaining 
rays now, however, developed more vigorously. The soft 
cartilaginous rays became hard bones. The rest of the 
‘skeleton also became considerably more firm. The move- 
‘ments of the body became not only more vigorous, but 
also more varied, ‘The separate portions of tho skeleton 
system, and consequently those of the muscular system alao, 
became more and more differentiated. Owing to the intimate 
correlation of the muscular to the nervous system, the latter 
also naturally made marked progress in point of function 
and structure. We therefore find that the brain is very 
much more developed in the higher Amphibia than in 
Fishes, in Mud-fishes, and in the lower Amphibia, 

‘The organs which are most modified in consequence of 
an amphibious mode of life are, as we have already seen in 
the Double-broathers (Dipneusta), those of respiration and 
‘of the circulation of the blood. ‘Tho first advanco in 
‘organization necessitated by the transition from aquatic to 
terrestrial habits of life was, of course, the formation of an 
air-breathing organ, a lung, This developed directly from 
the swinuning-bladder which these animals had inherited 
from the Fishes. At first the function of this organ would 
‘be quite subordinate to the more ancient organ, used for the 
respiration of water, the gills Hence we find that the 
Jowest Amphibia, the Gilled Amphibia, like the Dipneusta, 
“spend the greater part of their lives in the water, and that 
accordingly they breathe water through gilla. It is only 
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for brief intervals that they rise to the surface of the water 
or crecp out of the water on to the land; and at these times 
they breathe air through lungs, Some, however, of the 
Tailed Amphibians, the Axolotl and the Salamander, live 
exclusively in the water only when young, and afterwards 
usually remain on land. In the adult state they breathe 
only air through lungs This is also the ease with the most 
highly developed Amphibians, the Frog-amphibia (Froga and 
Toads); somo of the latter have even entirely lost the 
gilled larval form." The same is true of a fow small 
snake-like Amphibia, the Cwcilies, which, like earth-worms, 
live in the ground. 

The high degree of interest attached to the natural 
history of the Amphibian class is especially due to the fact 
that they hold a position exactly intermodiate between the 
higher and the lower Vertebrates While the lower Am- 
phibia are in their whole organization directly allied to the 
Dipneusta ond the Fishes, living mostly in the water and 
respiring water through gills, the higher Amphibia are no 
less directly related to the Amnion Animals, for, like the 
latter, they live mostly on Jand, and breathe air through 
Jungs. But when young the higher forms resemble the lawer, 
and only attain their own higher degree of development 
after undergoing complete modification. Tho individual 
germ-history of most higher Amphibians still accurately 
reproduces the tribal history of the whole class; and the 
various stages of modification which were necessitated in 
certain low Vertebrates by the transition from aquatic to 
terrestrial habits during the Devonian or Carboniferous 
Period, are still to be seen every spring in each Frog as it 
develops from the egg in our ditches and. pools. 
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Like the Tailed Salamanders (Fig. 198), each common 
Frog emerges from the egg in » larval form, totally different 
from that of the full-grown Frog (Fig. 194). ‘The short 





Fra, 129.—Lacra of Spotted Land-Newt (Salamandra maculata), from 
‘the ventral ride, In tho contro a yolkemo yet protrudes from the intentine, 
‘The wxtornal gille are prettily branched and tree.like. ‘The two paire of 

| Timbe are yot very «mall, 

Pia, 194.—Larva of the Common Grnas-Frog (Runa temporaria), @ eo- 
called tadpole; m, mouth; n, » pair of suction cups ued in clinging to stones; 
d akin-fold, which gives rise to the gill-roof; behind are the gillopenings, 
from which the gill branches protrude ; #, tail-musclos; f skin-fold of the 
fail, forming a float. 


trunk is produced into a long tail, which in form and struc- 
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ture resembles the tail of a Fish (s), At first it has no 
limbs. Respiration is accomplished solely by gills, which 
are at first external (4) and afterwards internal. Corre- 
spondingly, the heart is also of the same form as in the 
Fishes, and consists of only two compartments—an auricle, 
which receives the venous blood of the body, and a ven 
triele, which drives it through the arterial bulb into the 
gills, 

Numbers of theso fish-like Frog larvw, or “ tadpoles,” as 
they aro called, swim about every spring in all ponds and 
pools, using their muscular tails for propulsion, just as is 
done by Fishes and larval Ascidians, The remarkable 
transformation of the fish-like form into that of the Frog 
does not take place till after the tadpole has grown to a 
certain size. From the throat grows a closed ssc which 
develops into a pmir of lange sus; these are the lungs 
Tho simple chamber of the heart is divided into two auricles, 
owing to the formation of a partition wall, and simul- 
taneously considerable changes of structure occur in the 
main arterial trunks. Previously all the blood passed from 
the heart-chamber through the aorta arches into the gills; 
but only part of it now passes to the gills, while another 
part passes through the newly formed lung arteries into the 
Jungs, From the lungs arterial blood returns into the left 
auricle of the heart, while the venous blood of the body 
colleets in the right auriclo. As both of the auricles open 
into the simple ventricle, the latter contains mixed blood 
The fish-like form has now passed into the Dipneusta form, 
During the further course of modification the gills, ‘with 
the gill-veasels, are entirely lost, and respiration is now per= 
formed by the lungs alone. Yet later, the long tail is also 
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rejected, and the Mog now leaps about on the land on legs 


which have sprouted in the mean time! 

This remarkable metamorphosis of the higher Amphibia 
is very instructive in its bearing on Man’s ancestral history, 
and is especially interesting owing to the fact that the 
various groups of extant Amphibia have remained stationary 
‘at various stages of their tribal history, which, in accord- 
‘nee with the fundamental law of Biogeny, are reproduced 
in this germ-history, First, there is a very low order of 
Amphibia, the Gilled Batrachians (Sozobranchia), which, like 
Fishes, retain their gills throughout life. To this order 
belong, among others, the well-known blind “Olm" of the 
Adelsbery Cave (Protevs anguineus), the Mud-eel of South 
Carolina (Siren lacertina), and the Axolotl of Mexico (Sire- 
don pisciformis; Plate XIIL Fig, 1), All theso Gilled 
Batrachians are fish-like animals with long tails, and in 
point of respiratory organs and of circulation of the blood 
they remain throughout life stationary at the Dipneusta 
stage. They possess both gills and Jungs, and can either 
rexpire water through the gills or air through the Tungs, as 
occasion requires. In another order, the Salamanders, the 
gills aro lost during metamorphosis, and in the adult state air 
only is breathed through lungs This order bears the name 
of Tailed Batrachians (Sozwra) because they retain tho tail 
thronghout life. ‘To this order belong the common Water- 
Newts (J'riton) which swarm in all ponds during the 
summer, and the black, yellow-speckled Land-Salamanders 
(Salamandra) found in damp woods (Plate XII. Fig. 2). 
‘Tho latter are among the mostremarkable of our indigenous 
animals, sundry anatomical characters proving them to be 
very ancient and highly conservative Vertebrates! A 
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fow Tailed Batrachians retain the gill-opening 
of the neck, though the gills themselves are | 
pona). If the larvie of the Salamanders (Fig, 1! 
‘Tritons are compelled to remain in water, and nob 
to get on land, they may, under favourable con 
made to retain their gills. In this fish-like condition 
become sexually mature, and will throughout life n 
compulsorily in the lower stage of development of 
Gilled Batrachians. The opposite experiment was. 
some years ago in the case of the Mexican Gilled 
chian, the fish-like Axolotl (Siredon srisciforneia; 
XUL Fig. 1). This animal had previously been 
as a permanent Gilled Batrachian, remaining u 
life in this fish-like condition. But of the hundreds 
these animals kept in the Jardin des Plantes at Paris, a f 
individuals, for some unknown reason, crept to land, 
their gills, and changed into a form closely allied to that ¢ 
the Salamander (Ambiystoma, Fig. 2). In thia state the 
became sexually mature This phenomenon, which 
first excited a lively interest, has since been repe 
observed with care. Zoologists regarded the fact as 
thing peculiarly wonderful, though each spring 
common Frog and Salamander passes through the 
modification, In these animals we can in the same w 
follow each step in the significant metamorphosis of the 
aquatic and gill-respiring animal into the terrestrial and 
Jung-respiring animal, That which thus takes place in the 
individual during germ-evolution, took place in the came 
way in tho whole class during the course of its tribal 
history. 

The metamorphosis which takes place in the third order 
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the Frog Batrachians (Batrachia, or Anura), 
more complete than in the Salamanders. To these 
| belong all the various kinds of Toads, Water-frogs, Tree- 
- freas te. In the course of transformation these lose not 
only the gills, but also the tail, which drops off in. some 
“eases carlicr, in others later. In this respect the various 
M ‘species differ somewhat from one another. In most Frog 
" Batmchians the larvwe drop the tail very early, and the 
| tail-less frog-like form subsequently grows considerably 
Jarger. Other species, on the contrary, as, for instance, the 
Paeudles paradoxus of Brazil, as alsoan European Toad (Pelo- 
bates fusews) remain for a very long time in the fish form, 
and retain a lengthy tail till they have almost attained 
their full size; hence, after their metamorphosis is com- 
pleted, they appear much smaller than before, ‘The opposite 
extreme is scen in some Frogs but recently brought under 
notice, which have lost the whole of their historic meta- 
morphoses, and in which no tailed and gilled larva emerges 
from the egg, but the perfect Frog, without tail or gills 
These Frogs inhabit isolated oceanic islands, the climate 
of which is very dry, and which are often for a con- 
siderable length of time without fresh water. As fresh 
water is indispensable for gill-reepiring tadpoles, these Frogs 
aye adapted themselves to this local deficiency and have 
| entirely relinquished their original metamorphosis, «g., 
| Hylodes martinicensia® 

The ontogenctic loss of gills and tail in Frogs and ‘Toads 
‘ean of course only be phylogenetically explained as owing 
to the fact that these animals have deseended from long- 
tailed salamander-like Amphibians. This is also proved 
beyond doubt by the Comparative Anatomy of the two 
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groups. This remarkable transformation is, in other respects — 


also, of general interest, as throwing a flood of light upon the — 
Phylogeny of the Tail-loss Apes and of Man. Man's ances-— 
tors were also long-tailed gill-breathing animals, resembling 
Gilled Batrachians, as is irrefutably demonstrated by the 
tail and the gill arches in the human embryo. 

Daring the Palwozoic Epoch, and probably in the Car- 
boniferous Period, there is no doubt that the Amphibian. 
class embraced a series of forms which must be regarded as 
diroct ancestors of Mammals, and so of Man, On grounds 
derived from Comparative Anatomy and Ontogeny, we must 
not, however, look for these Amphibian ancestors of ours— 
as might perhaps be supposed—among the Tail-less Frog 
Batrachians, but only among the lower Tailed Amphibians, 
We can with certainty point to at least two extinet Batra- 
chian forms as direet ancestors of Man, as the thirteenth 
and fourteenth stages in our pedigree, The thirteenth 
ancestral form must have been closely allied to the Double. 
breathers (Dipneusta), must, like these, have possessed per- 
manent gills, but must have been already characterized by 
having five digits on each foot ; and were they still living we 
should place them in the group of Gilled Batrachians, with 
the Proteus and the Axolotl (Plate XIIL Fig. 1). The 
fourteenth ancestral form, on the other hand, must indeod 
have retained the long tail, but must have lost the gills, and 
hence the nearest allied forms among extant Tailed Batra- 
chians would bo the Water-Newts and Salamanders 
(Plate XIIL Fig. 2). Indeed, in the year 1725 the fossil 
skeleton of one of these extinct Salamanders (closely allied 
to the present giant Salamander of Japan) was described 
by the Swiss naturalist, Scheuchzer, as the skeleton of 
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@ fossil Man dating from the Deluge! (“Homo diluvii 
testix”™*) ; 

‘As the vertebrate form occurring in our pedigree imme- 
diately after these Batrachian ancestors—and, therefore, as 
the fifteenth stage—let us now examine a lizard-like animal, 
of which no fossil remains have been obtained, and which 
is not even proximately represented in any extant animal 
form, but tho former existence of which we may infer with 
the utmost cortainty from certain comparative anatomical 
and ontogenctical facts. his important animal form we 
will call the Protamnion, or Primitive Amniotic animal. 
All Vertebrates higher than the Amphibia—that is, the three 
clases of Reptiles, Birds, and Marmals—are so exwntially 
distinct in their whole stracture from all the lower Verte- 
brates which we have a3 yet considered, and, on the other 
hand, have 20 much in common, that we may class them 
together in one group as Amnion Animals (Amoniota). It is 
only in these three classes of animals that we find that 
remarkable envelope of the embryo known as the amnion 
(CE voli. p. 386.) The latter must probably be regarded as 
a kenogenetic adaptation, as caused by the sinking of the 
embryo into the yelic-sac1 

All known Amnion Animals, all Reptiles, Birds, and 
Mammals (Man included), coincide in so many important 
points of organization and dovelopment that we are fully 
Justified in asserting their common descent from a single 
parent form. If the testimony of Comparative Anatomy 
and Ontogeny is entirely unquestionable in any point, 
eortainly so here. For all the speci 
characters, which appear accompanying and following the 
formation of the amnion, and which we found in the 
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development of the human embryo; all the many peculiari- 
ties in the development of the organs which we shall 
presently notice in detail; and, finally, tho chief special 
arrangements of the internal structure of the body in all 
fully developed Amnion Animals; all these so clearly demon- 
strate the common origin of all Amnion Animals from a 
single extinct parent-form, that it is impossible to conceive 
their origin as polyphyletic, and that they originated from 
several independent parent-forms. ‘This unknown common 
parent-form is the Primitive Ammion Animal (Protam- 
nion), Tn external appearance the Protamnion was most 
probably an intermediate form between the Salamanders 
and the Lizards. 

It was probably during the Pormian Poviod that the 
Protamnion originated; perhaps at the beginning, perhaps 
at the close of that period. This we know from the fact 
that the Amphibia did not attain their full development till 
the Carboniferous Period, and that toward the close of the 
Permian the first fossil Reptiles make their appearnneo— 
or, at least, fossils (Proterosaurus, Rhopalodon) which must 
in all probability be referred to lizard-like Reptiles. Among 
the great and pregnant modifications of the vertebrate 
organization determined during this period by the develop- 
ment of the first Amnion Animals from salamander-like 
Amphibians, the three following are especially important: 
the total loss of water-breathing gills and modification of 
the gill-arches into other organs; the formation of the 
allantois, or primitive urinary sac; and, finally, the develop 
ment of the amnion. 

The total loss of the respiratory gills must be regarded 
as one of the most prominent characters of all Atmnion 
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Animals. All these, even such as live in the water, eg., 
whales, respire only air through lungs, never water througli 
gills. While all Amphibians, with very few exceptions, in 
the young state retain their gills for a longer or shorter 
period, and breathe through gills for some time (if not 
always), from this point gill-respiration entirely ceases. 
Even the Protamnion must have entirely ceased to breathe 
water. ‘The gill-arches, however, remain, and develop 
into very different organs (partly rudimentary); into the 
various parts of the tongue-bone, into certain portions of the 
jaw apparatus, the organ of hearing, ete. But no trace of 
gill-leaves, of real respiratory organs on the gill-arches, are 
‘ever found in the embryo of Amnion Animals, 

With this total loss of the gills is probably connected 
the formation of another organ, which we have already 
described as occurring in human Ontogeny; this is the 
allantois, or primitive urinary sac. (See vol. i. p. 379.) In 
all probability the urinary bladder of the Dipneusta is to be 
regarded as the first beginning of the allantois. Even in 
the American Mud-fish (Lepidosiren) we find an urinary 
bladder, which grows from the lower wall of the posterior 
‘extremity of the intestine, and serves as a receptacle for 
the renal secretions. This organ has been inherited by the 
Amphibia, as may be seen in any Frog. But it is only in 
the three higher Vertebrate classes that the allantois attains 
& special development; in these it protrudes at an early 
period from the body of the embryo, forming a large sac 
filled with liquid, and traversed by a considerable number 
of large blood-vossels, ‘This sac alsn discharges a portion of 
the nutritive fonctions, In the higher Mammals and in 
Man tho allantois afterwards forms the placenta, 
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Tho formation of the amnion and the allantois, together 
with the total lose of the gills and the exclusive adoption 
of lung-respiration, are the most important characters 
which all Amnion Animals are distinguished from the lower 
Vertebrates which we have been considering. In addition 
to these there are a few subordinate characters whieh are 
constantly inherited by Ammnion Animals, and are altogether — 
wanting in animals without an amnion. One striking em- 
bryonic character of the Amnion Animals is the great eurva- 
ture of the hoad and neck of the embryo. In the Anamnia 
the embryo is from the first either nearly straight, or elae 
the whole body is bent’ in’s aicklo-shaped curve corre 
sponding to the curvature of the yelk sac, to which the 
embryo is attached by its ventral surface; but there are 
no marked angles in the longitudinal axis (Plate VI 
Fig. #). In all Amnion Animals, on the eontrary, the 
body is very noticeably bent at an early age, so that the 
back of the embryo is much arched outwards, the head 
pressed almost at right angles against the breast, and the 
tail inclined on to the abdomen. The tail extremity, os it 
bends inwards, approaches so near to the frontal side of 
the head, that the two often nearly touch (Plates VE. and 
VIL). This striking triple curvature of the embryonic 
body, which has already been considered when we studied 
the Ontogeny of Man, and in which we distinguished the 
skull-curve, neck-curve, and tail-eurve (vol. i. p. 872), is a 
characteristic peculiarity common to the embryos of all 
Reptiles, Birds,and Mammals But in tho formation of many 
internal organs also, an advance is observable in all tho 
Amnion Animals which ranks them above the highest of 
the non-amnionate forma Above all, « partition wall forms 
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‘within the simple ventricle of the heart, dividing it into a 
Fight and a left ventricle, In connection with the complete 

metamorphosis of tho'gill-arches, a further development of 
the organ of hearing takes place, A considerable advance 
is also noticeable in the development of the brain, the skele- 
ton, the muscular system, and other parts. Finally, the 
reeonstraction of the kidneys must be regarded as a most 
important modification. In all the lower Vertebrates aa yet 
eonsidered, we have found the primitive kidneys, which 
‘appear very carly in the embryos of all higher Vertebrates 
‘up to Man, acting as a secretory or urinary apparatus, In 
Amnion Animals, however, these carly primitive kidneys 
Tose their function at an early period of embryonic life, and 
i¢ is assumed by the permanent “ secondary kidneys,” which 
grow out of the terminal portion of the primitive kidney 
ducts. 

Looking back at the whole of these characters of Amnion 
Animals, it is impossible to doubt that all animals of this 
group, all Reptiles, Birds, and Mammals, had a common 
origin, and constitute n single main division of kindred 
forms, ‘To this division belongs our own mace. In his 
whole organization and germ-history Man is true Arnnion 
Animal, and, in common with all other Amniota, has 
descended from the Protamnion. Although this whole 
group originated at the end, or porhaps even in the middle, 
‘of the Palwozoie Epoch, it did not attain its full de- 
Velopment and its full perfection till the Mesozoie Epoch. 
‘Tho two clases of Birds and Mammals then first appeared, 
Nor did the Roptilian class develop in its full variety 
anti the Mesozoic Epoch, which is, therefore, called the “Ago 
‘of Reptiles.” Tho unknown and extinct Protamnion, the 
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parent-form of the entire group, must have been very nearly 
allied to the Reptiles in its whole organization, even though 
it cannot be regarded as a true Reptile in the present 
meaning of the term. Of all known Reptiles, certain Lizards 
gr most nearly allied to the Protamnion; and in the 
outward form of its body we may imagino tho latter as 
an intermediate form between the Salamander and the 
Lizard. 

The Comparative Anatomy and Ontogeny of the Am- 
nionate group clearly explains its genealogy. The group 
which directly descended from Protamnion gave rise to two 
divergent branches. The first of these, which will in future 
reeeive our whole attention, forms the Mammalian group, 
The other branch, which assumed an entirely difforent course 
of progressive development, and which is connoctod with 





the mammalian branch only as the root, is the eompre- 
hensive group constituted by Reptiles and Birds The two 
latter forms may be classed together as Monocondylia, or 
Sawropsides. Tho common parent-form of these ix an 
inet lizard-like Reptile. From this, the Serpents, Croco- 
diles, Tortoises, Dragons, ete—in short, all the various forms 
of the Reptilian group—doveloped in different directions. 
The remarkable group formed by the Birds also developed 
direetly from an offshoot of the Reptilian group, as is now 
definitely proved. Down to a late time the embryos of 
Reptiles and of Birds are yet identical, and even later they 
imilar. (See Plate VL. Fig. 
and @) In their entire organization the resemblance 
between the two is so great that no anatomist now denies 
that the Birds originated from Reptiles. The Mammalian 
line is connected at its roots with the Reptilian line, but 








are in some respects surprisin, 
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afterwards diverged entirely from the latter, and developed 
in an entirely peculiar dircetion. The highest result of the 
development of the Mammalian line is Man, the so-called 
* Crown of Creation,” 
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‘Tho Mammalian Character of Man.—Common Doscent of all Mammals 
from 0 Single Paront.form (Promaumalian).—Bifuroation of the Au 
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(Monotremata, or Ornithcolphia)—The Extinct Primitivo Mammala 
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tion of the Placenta.—Tho Deciduous Embryonic Membrane (Decidua), 
—Group of the Indecidua and of the Deoidwata,—The Formation of tho 
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Stage: Semi-npes (Poviméan)—Ninetoonth Stago : Tailed Apes (Menon 
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“ A contury of anatomical research brings un back to the conclasion of 
Linnwus, the groat lawgiver of ayatewatie zoology, that man ie » momber 
of the eamo order aa the apos und lemurs, Perhaps no order of mamnals 
prosents ua with ao extraordinary a eeries of gradations an this leading ux 
inensibly feom tho crown and summit of the animal 
creatures from which thore is But & Atop, ns it «ems, to the lowest, salle 
and least intelligent of the placental mammalis, It is as if patare herself 








eation down to 











“MAN'S PLACE IN NATURE” mt 


hail foreseen the arrogance of man, and with Raman severity bad provided 
that his intellect, hy its rery trinmphs, should call into. prominence the 
lawns, admonishing the eonquerse that bo ia but dest.” —Trowis Huxuer 
(1883). 


AmoxG those zoological facts which afford us points of 
support in researches into the pedigree of the human race, 
the position of Man in the Mammalian class is one of the 
ental. Much 2s zoologiets have 





most important and fundsx 
long disagreed in their opinions as to M. 
in this class, and especially in their ideas of his relation to 
the most nearly related group, that of the Apes, yet no 
naturalist hus ever doubted that Man is a genuine Mammal 
in the whole structure and development of his body. Every 





particular place 





anatomical museum, every manual of Comparative Anatomy, 
affords proof that the structure of the human body shares 
all those peculiarities which are common to all Mammals, 
and by which the latter ave definitely distinguished from all 
other animals, 

Now, if we examine this established anatomical fact 
phylogenetically, and in the light of the Theory of Descent, 
nclusion that Man is of a 





We arrive immediately at the e 
common stock with all the other Mammals, and springs 
from a root common to them, Tho various tharacteristica 
in which all Mammals coincide, and in which they differ 
from all other animals, are, moreover, of such 9 Isind, that a 
ic hypothesis appears in a special degree inad- 
ase. It is inconceivable that all existing 
and extinct Mammals have sprung from several different 
and originally separate root-forms. We are compelled, if 
‘olution, to 








we in any way acknowledge the Theory of 
assume the monophyletic hypothesis, that all Mammals, 





142 THE EVOLUTION OF MAX. 


including Man, must be traced from a single common mam. 
malian parent-form. This long extinct primeval root-form 
and its immediate descendants—which differ from each 
other hurdly more than do sevoral species of one genus—we 
will call Primitive Mammals (Promommalia). As we have 
already scen, this root-form developed from the ancient 
parent-form of the Primitive Amnion Animals in a direction 
wholly different from that followed by the Reptile group, 
which afterwards gave rise to the more highly developed 
elass of Birds, The differences which distinguish Mammals 
on the one side, from Reptiles and Birds on the other, are so 
important and characteristic, that we may quite snfely as- 
sume a bifurcation of this kind in the vertebrate family tree, 
Reptiles and Birds—which we classed together as Monocon- 
dylia, or Sauropsida—coincide entirely, for instance, in the 
characteristic structure of the skull and brain, which is 
strikingly dissimilar from that of the same parts in Mam- 
mals, In Reptiles and Birds, the skull is connectod-with the 
first corvical vertebra (the atlas) by a single jointyprocoss 
(condyle) of the occipital bone; in Mammals, on the con- 
trary (as in Amphibians), the condyle is double, In the 





former, the under jaw is composed of many parts, and is 
connected with the skull by a peculiar bone of the jaw 
(the square bone) so as to be movable; in the latter, on the 
contrary, the lower jaw consists of but two bono-piaces, 
which are directly attached to the temporal bone. Again, 
the skin of the Sauropsida (Reptiles and Birds) is covered 
with scales or feathers, that of tho Mammals with hair, 
The red blood-cells of the former are nucleated, those of the 
latter non-nucleated. The eggs of the former aro very 
large, are provided with a large nutritive yelk, and undergo 
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diseoidal cleavage resulting in a Dise-gastrula; the eggs of 
the latter are very small, and their unequal cleavage results 
in the formation of a Hood-gastrula. Finally, two charac~ 
ters entirely peculiar to Mammals, and by which these 
are distinguished both from Birds and Reptiles and from all 
other animals, are the presence of a complete dinphragm, 
and of the milk-glands (mamma), by means of which the 
new-born young are nourished by the milk of the mother. 
Tt is only in Mammals that the diaphragm forms a transverse 
partition-wall across the body-cavity (cacloma), completely 
separating the chest from the ventral cavity. (Of Plate V. 
Fig. 16 =) It is only among Mammals that the mother 
nourishes the young with her milk; and the whole class aro 
well named from this. 

These important facts in Comparative Anatomy and 
Ontogeny clearly show that the tribe of Amnion Animals 
{Araniota) bifurcated from the very first into two main 
diverging lines; on the one side, the Reptilian ine, from 
which the Birds afterwards developed; on the other side, 
the Mammalian line. The same facts also prove as indu- 
Ditably that Man originated from the latter line, 
fi common with Mammals, shares all the characteristics we 
have mentionod, and is distinguished by them from all 
other animals. And, finally, these facts indicate as certainly 
those advances in vertebrate structure by which one branch 
of the Primitive Amnion Animals developed into the parent- 
form of Mammals. The most prominent of these advances 
were (1) the characteristic modification of the skull and 
brain; (2) the formation of a covering of hair; (3) the eom- 
plete development of the diaphragm ; and (4) the formation 
of the milk-glands and tho adaptation to the suckling of 
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the young. Intimately connected with these, other im- 
portant structural modifications gradually occurred. 

‘The period at which these important advances, which 
laid the first foundation of the Marnmalian class, took place, 
may most probably be placed in the first part of the 
Mesolithic, or Secondary Epoch, in the Triassic Period, 
For the oldest known fossil remains of Mammals oceur in 
sodimontary rock-strata of the most recent deposits of the 
Triassic Period, in the upper Keuper. It is possible, 
indeed, that the parent-forms of Mammals may hayo 
appeared earlier (perhaps even at the close of the Palseo- 
lithic Epoch, in the Permian Period). But no fossil remains 
of Mammals belonging to that period are as yet known. 
Throughout the Mesolithie Epoch, throughout the Triassic, 
Jurassic, and Caleareous Periods, fossil remains of Mammals 
are very senrce, and indicate a very limited development 
of the whole class During this Mesolithic Epoch, Reptiles 
play the chief part, and Mammals are of quite secondary 
importance. It is, however, especially significant and 
interesting, that all mammalian fossil remains of the 
Mesozoic Epoch belong to the older and inferior division 








of Pouched Animals (Mareupialia), a few probably even 
to the yet older division of the Cloacal Animals (Jono- 
trema). Among thom, no traces of tho third and most 
ly developed division of the Mammals, the Placental 
Animals, have as yet been found. ‘The last, to which Man 
belongs, are much more recent, and their fossil remains do 
not occur till much Inter—in the succeeding Cwmolithic 
Epoch; in the Tertiary Period. This palwontological fact 
ix very significant, because it harmonizes perfectly with 
that order of the development of Mammals which is un- 
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mistakably indicated by Comparative Anatomy and Onto- 


‘These show that the whole Mammalian class is divisible 
‘into three main groups, or sub-classes, corresponding to 
three successive stages of phylogenetic evolution. These 
three stages, which consequently represent three important 
ancestral stages in the human pedigree, were first dis 
tinguished in the year 1816 by tho celebrated French 
zoologist, Blainville, who named them, according .to the 
different structure of the female organs of reproduction, 
Ornithodelphia, Didelphia, and Monodelphia (8Apig, 
which, being interpreted, is uterus). It is not, however, 
only in the varied structure of the sexual organs that these 
three classes differ from one another, but in many other 
respects also, so that we can safely maintain the important 
Phylogenotic statemont: Tho Monodelphia, or Placental 
Animals, have descended from the Didelphia, or Ponched 
Animals; and tho latter, again, have descended from the 
@loacal Animals, or Ornithodelphia. 

Accorlingly we have now to consider, as the sixteenth 
ancestral stage in the human pedigree, the oldest and lowest 
main group of Mammals; the sub-class of the Cloneal 
Animals (Monotremata, or Ornithodelphia). They are so 
named in consequence of the cloaca, which they have in 
¢ommion with the other léwer Vertebrates, ‘This so-called 
¢lonen is tho common excretory channel for the excrement, 
the urine, and the sexual products (Fig. $27). For, in 
these Cloacal Animals, the urinary duct and the sexual 
emnals yet open into the posterior parts of the intestine, 
while in all other Mammals they are wholly separated from 


the rectum and anus, and open by a special orifice (pore 
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wrogenitatis), ‘The urinary bladder in the Monotromes also 
opens into the clonca, and is separate from the two urinary 
ducts (Fig. 827, v0); in all other Mammals the latter open 
directly into the urinary bladder. The structure of the 
milk-glands, by means of which all Mammals suckle their 
new-born young for a time, is also quite peculiar in 
the Closcal Animals. In them the milk-gland has no 
nipple which the young animal can suck ; there is only 
a peculiar sieve-like place in the ekin, perforated with 
holes through which the milk passes out, and from which 
the young animal has to lick it For this reason they 
have also been called Nipple-less Mammals (Amasta). 
Again, the brain of the Cloacal Animals has remained at a 
much lower stage of development than that of any other 
Mammal. The fore-brain, or cerebrum, is so small that 
it does not overhang the hind-brain, or cerebellum. In the 
skeleton (Fig. 196), the structure of the shoulder girdle, ns 
well as of othor parts, is remarkable, differing entirely from 
the same part in other Mammals, and resembling rather 
those of the lower Vertebrates, especially Reptiles and 
Amphibians. Like the latter, the Cloacal Animals have a 
well-developed coracoid bone (coracoideum), « strong bone 
uniting tho shoulder-blade with the breast-bone, In all 
other Mammals tho coracoid bone (as in Man) has degeno- 
rated, has coalesced with tho shoulder-blado, and appears 
only 5 an insignificant proceas of the latter, ‘Theso and 
inany other less striking peculiarities prove beyond doubt 
that the Cloacal Animals oceupy the lowest rank among 
Mammals, and represent a direct intermediate form between 
the Protamnia and other Mammals, All these marked Am- 
phibian characters must have been present in the parent 
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form of tho whole vertebrate class, in the Primitive 
Mammal, by which they must have been inherited from 
the Primitive Amnion Animals, 

Daring the Triassic and Jurassic Periods, the sub-class 
| of the Cloacal Animals seems to have been represented by 
many Primitive Mammals of very varied form. At present 
it is represented only by two isolated members, which 
aro grouped together as the Beaked Animal family (Orni- 
thostoma). Both of these are confined to Australia and the 
neighbouring island of Van Dicmen's Land, or Tasmania; 
both are becoming less numerous year by year, and will 
soon be classed, with all their blood relations, among the 
extinct animals of our globe. One of these forms passes 
its life swimming about in rivers, and builds subterranean 
dwellings on the banks: this is the well-known Duck- 
billed Platypus (Ornithorhynchus pavadoxus): it is web- 
footed, has a thick, soft skin, and broad, flat jaws, which 
Very much resemble a duck’s bill (Figs 195, 196). The 
other form, the Porcupine Ant-cater (Echidna hystria), much 
resembles the Ant-caters, in its mode of life, in the cha- 
racteristic form of its slender snout, and in the great length 
of its tongue; it is covered with prickles, and can roll itself 
Up into a ball like a hedgehog. Neither of these extant 
| Beaked Animals possesses true bony teeth, and, in thie 
point, they resemble the Toothless Mammals (dentate), 
‘The absence of teeth, together with other peculiarities of 
the Ornithostomata, is probably the result of comparatively 
recent adaptation. Those extinct Cloncal Animals which 
embraced the parent-forms of the whole Mammalian class, 
the Promammalia, must certainly have been provided with 
‘fa developed set of tooth, inherited from Fishes” Some 
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Pia, 195, —The Duck-billed Platy- 


pas (Ornithorhynchus paradowus). 
Pio, 196.—Skeleton of Platypus. 
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small single molars, found in the uppermost strata of 
the Keuper formation in England and Wiirtemberg, and 
which are the oldest known vertebrate remains, probably 
belong to these primuval Promammalia, These teeth, by 
their form, indicate species thnt lived on insects; the species 
has boon called Microlestes antiquus, ‘Teoth belonging to 
another closely allied Primitive Mammal (Dromatherium 
\Pileestre) have recently been discovered in tho North 
American Trina, 

On the one hand, the still extant Beaked Animals, and, on 
the other, the parent-forms of the Pouched Animals (Mar- 
supialia, or Didelplia), must be regarded as representing 
two distinct and divergent lines of descent from the Pro- 
mammalian, This second Maromalian sub-class is very 


interesting as a perfect link between the two other sub- 


classes. While the Pouched Animals, on the one side, retain 
many of the characters of the Cloacal Animals, thoy also, 


of the other, possess many placental characters. A few 





characters are quite peculiar to Pouched Animals alone; 
such, for instance, is the structure of the mile and female 
sexual organs, and the form of the lower jaw The dis- 
tinctive feature of the latter in these Pouched Animals is a 
peculiar hook-shaped bony process, passing inward hori- 
gzontally from the angle of the lower jaw. As neither 
Cloacal Animals nor Placental Animals have this process, 
‘this etructure is alone sufficient to distinguish the Pouched 
Animals (Mersupialia), Nearly all the known mammalian 
fossils from the Jurassic and Crctaccous formation are lower 
jaws. Our whole imowledge of numerous mesolithic mam- 


alin, the former existence of which would otherwise never 


have been known, is solely derived from their fossiliad 
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Jower jaws, no fragment of the rest of their bodies having 
been reserved. According to the logic usually applied to 
paleontology by the “exact” opponents of the theory of 
evolution, the inference drawn from this fact would be 
that thess Mammals had no bones except lower jaws. The 
remarkable ciremnstance is, after all, very easily necounted 
for. Tho lower jaw of Mammals being a solid and exeep- 
tionally hard bone, but very loosely attached to the skull, it 
is easily detached from the carcase as the latter is carried 
down by some river, and, falling to the bottom, is retained 
in the mud. The rest of the carcase is carried on further, 
and is gradually destroyed. As all the mammalian lower 
jaws found, in England, in the Jurassic strata of Stonesficld 
and Purbeck, exhibit this peculiar process characteristic of 
the Pouched Animals (Marsupialia), we may infer, from 
this palwontological fact, that they belonged to Marsupials 
No Placental Animals appear to have existed during the 
Mesolithic Epoch. At least no fossil remains, undoubtedly 
belonging to theso and dating from that epoch, are known. 
The extant Pouched Animals, the most generally known 
of which are the gramnivorous Kangaroos and the carni- 
vorous Pouched Rats, display very considerable difference in 
their organization, in the form of their bodies and in size, 
and in many respects correspond to the several orders of 
Placental Animals, The great majority of them live in 
Australia, in New Holland, and in « few of the Australian 
and South Asiatic islands; some few species occur in 
America, On tho other hand, there is no longer a single 
indigenous Pouched Animal on the continents of Asia, of 
Africa, cr of Europe. The case was vory different during the 
Mesolithic, and also during the earlier Conolithie Epochs, 





EXTANT POUCHED ANIMALS. 1st 
| The Neptunian deposits of these epochs in all quarters of 


the globe, and even in Europe, contain abundant marsupial 
remains in great variety, some of them being of very large 
size. From this we may infor that the extant Pouched 
Animals are but tho last romnant of a group which was 
ones much more widely developed, and which was dis- 
tributed over the whole surfuce of the globe. During the 

Tertiary Period, these succumbed in the struggle for life 

‘with the stronger Placenta) Animals, and the survivors were 
| gmdnally driven back by the latter into their present 
‘restricted aren. 

From the Comparative Anatomy of the extant Pouched 
Animals, very important conclusions may be drawn as to 
their phylogenetic intermediate position between Cloncal 
Animals and Placental Animals. The incomplete develop- 
ment, of the brain, especially of the fore-brain (cerebrum), 
| the possession of marsupial bones (ossa marsupialia), the 

‘simple structure of the allantois (which does not as yet 

develop a placenta), with many other characters, have been 
 iherited by the Pouched Animals from Cloacal Animals, 
| On the other hand, they have lost the independent coracoid 
| bons (08 coracoideum) attached to the shoulder girdle. A 
| more important step consists in the fact that a cloaca is no 
longer formed ; the cavity of the rectum, together with the 
‘anal opening, is separated by a partition wall from the urinary 
and sexual opening (sinus wroyenitalis). Moreover, all 
Pouched Animals develop special nipples on the milk-glands, 
“which are sucked by the young after birth. Theso nipples 
Project into the cavity of a pouch, or marsupium, in the 
entral side of the mother, ‘This pouch is supported by 
couple of marsupial bones. In it the young, which are 
a0 
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born in a vory imperfect condition, are carried by the 
mother for a long time ; until, in fact, they are completely 
developed (Fig, 197), In the large Giant Kangaroo, which 


a 
# 





Pio, 107,—The Crub-eating Pouched Rat (Philonder eancrivorut). A 
female with two young in its pouch. (After Brebm.) 
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attains the height of a man, the embryo develops in the 
terns but for a month ; it is then born in a very incomplete 
condition, and attains all its further development in the 
mother's pouch, where, for about nine months, it remains 
attached to the milk-glands, 

All these and othe 
structure of the internal and external sexual organs of the 
male and female) clearly show that the whole sub-class of 
the Pouched Animals (Marsupiali«) are a single group, 
which originated from the promammalian branch. From a 
Iranch of theso Pouched Animals (perhaps fram several 
Iranches) the parent-forms of the higher Mammals, the 
Placental Animals, afterwards sprang. Hence we must 
reckon a whole et of Pouched Animals among the an- 
costors of the human race; and these constitute the seven- 
teenth stage in the human pedigree!” 

The remaining stages of our ancestral line, from the 
eighteenth to the twenty-second, all belong to the group of 
Placental Animals (Placentalia), This very highly de- 
veloped group of Mammals, the third and last, came into 
the world at a considerably later period, No single known 





characters (expecially the peculiar 











fossil, belonging to any portion of the Secondary or Meso- 
lithie Epoch, ean be referred with cortainty to a Placental 
Animal, while we have plenty of placental fossils dating 
from every part of the Tertiary or Cemnolithie Epoch. From 
this palwontological fact we may provisionally infor that the 
third and last main division of Mammals did not develop 
from the Pouched Animals until the beginning of the 
Grnolithic Epoch, or, at the earliest, till the close of the 
Mesolithie Epoch (during the Chalk Period). Tn our survey 
of geological formations und periods (pp. 12, 19) we found 
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how comparatively short this whole Tertiary or Czenolithic 
Epoch was. Judging from the relative thicknestes of the 
various strata-formations we were able to say that this 
whole period, during which Placental Animals first appeared, 
and assumed their respective forms, amounted at most to 
about three per cent. of the entire duration of the organic 
history of the earth. (C£ p. 18.) 

All Placental Animale are distinguished from the two 
lower Mammalian groups already considered, from the 
Cloacal Animals and Pouched Animals, by many prominent: 
peculiarities All these characters are present in Man; & 
most significant fact. For on the most accurate comparative 
anatomical and ontogenetical researches, we may base the 
irrefutable proposition that Man is in every respeet a true 
Placental Animal; in him are present all those peculiarities 
in the structure and in the development of the body whieh 
distinguish Placental Animals from the lower Mammalian 
groups, and at the same time from all other animals 
Among these characteristic peculiarities the higher develop- 
mont of the brain, the organ of the mind, is especially 
prominent. The fore-brain, or largo brain (cerebrum). is 
much more highly developed im these than in lower 
animals, ‘The body (corpus callosum), which, like a bridge, 
connects the two hemispheres of the fore-brain, attains its 
full development only in Placental Animals; in the Pouched 
Animals and Cloacal Animals it existe merely ay an insigni- 
ficant rudiment. Tt is true that in their brain structure 
the lowest of the Placental Animals yet resemble Pouched 
Animals very nearly; but within the Plagental group we 
can trace a continuous series of progressive stages in tho 
development of the brain, ascending quite gradually from 
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‘the lowest stage to the very highly developed mind-organ 
of the Monkey and of Man. (Cf. Chapter XX.) The 
human mind is but a more highly developed ape-mind. 

The milk-glands of Placental Animals, as of Marsu- 

are provided with developed nipples; but the pouch 
in which the immature young of the latter are carried 
about and suckled is never present in the former. Nor are 
the marsupial bones (ossa marsupialia) present in Pla- 
cental Animals; these bones, which are embedded: in the 
abdominal wall, and reat on the anterior edge of the pelvis, 
are common to Pouched Animals and Cloacal Animals, ori- 
ginating from a partial ossification of the tendons of the 
inner oblique muscloof the abdomen. It is only ina few 
Deasts of prey that insignificant rudiments of these bones are 
found. The hook-shaped process of tho lowor jaw, which 
characterizes Pouchod Animals, is also entirely wanting in 
Placental Animals, 

The character, however, which especially distinguishes 
Placental Animals, and which has justly given its name to 
the entire sub-class, is the development of the placenta, or 
vascular cake, We have already spoken of this organ, in 
deseribing the development of the allantois in the human 
‘embryo (vol. i p. $82). The urinary sac or allantois, that 
peculiar bladder which grows out of the posterior portion of 
the intestinal canal, is, we found, formed at an carly stage in 
ths human embryo just aa in the germs of all other Amnion 
Animals. (Cf.Figs.192-135, vol.i.p.877-980) The thin wall 
‘of this sac consists of the same two layers, or skins, as the 
wall of the intestine itself; internally of the intestinal-glan- 
dolar layer, and externally of the intestinal-filrous layer. 
The cavity of the allantois is filled with fluid; this primi 
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tive urine must be chiefly the product of the primitive 
kidneys, The intestinal fibrous layer of the allantois is 
traversed by large blood-vessels which accomplish the nutri- 
ment and, especially, the respiration of the embryo; these 
aro tho navel-vossols, or umbilical vessels (vol. i. p. 400). In 
all Reptiles and Birds the allantois becomes an immense 
sac, which encloses the embryo with the amnion, and which 
does not coalesce with the outer covering of the egg 
(chorion). Tn Cloacal Animals (Monotremata) and Pouehed 
Animals (Marsupialia) the allantois is also of this nature. 
It is only in Placental Animals that the allantois develops 
into that very peculiar and remarkable formation, called 
the placenta, or “vascular eake.” ‘The nature of the placenta 
is this: the branches of the blood-vessels which traverse the 
wall of the allantois, penetrate into the hollow tufts of the 
chorion, which are inserted into corresponding depressions: 
in the mucous membrane of the maternal uterus, As this 
mucous membrane ix also abundantly supplied with blood- 
vessels, which conduct the mother's blood into the uterus, 
and as the partition between these maternal blood-vesels 
and the embryonic vessels in the chorion-tufts soon becomes 
extremely thin, a direct exchange of substance is soon de- 
veloped between the two seta of blood-vessels, which is of 
the utmost importance for the nutrition of the young 
Mammal. The maternal blood-vessels do not, however, 
pass directly (anastomosix) into the blood-vessels of the 
embryonic chorion-tufts, so that the two kinds of blood 
simply mix, but the partition between the two sets of 
vessels’ becomes 80 thin, that it permits the passage of the 
most important food-materials, freed from unnecessary 
matter (transudation, or diosmosis), ‘The larger the embryo 
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grows in Placental Animals, and the longer it remains in 
the maternal uterus, the more necessary does it become that 

structural arrangements should meot the increased 
‘consumption of food. In this point there is a very striking 
difference between the lower and the higher Mammals, In 
Oloacal Animals and Pouched Animals, in which the embryo 
remains for a comparatively brief time in the uterus, and is 
born ina very immature condition, the circulation as it exists 
in the yelk-sac and in the allantois suffices for nutrition, as 
in birds and reptiles. In Placental Animals, on the contrary, 
in which gestation is very protracted, and the embryo 
remains much longer in the uterus, there attaining its full 
developmont within its investing membranes, a new ap- 
paratua is required to convey a direct supply of richer 
nutritive matter; and this is admirably effected by the 
development of the placenta, 

Tn order rightly to understand and appreciate the for- 
mation of this placenta and its important modifications in 
different Placental Animals, we must once more glance at the 
external coverings of the mammalian egg. ‘The outermost of 
these was originally, and during the cleavage of the ogg 
and the first formation of the axial portion of the germ, 
formed by tho so-called sona pellucida, and by the thick 
albuminous covering deposited externally on the Jatter 
(Fig. 19, Fig, 21, sf, vol i. p. 178), 

We called these two outer coverings, which afterwards 
amalgamate, the prockorion, This prochorion very soon 
disappears (in man perhaps in the seeond week of develop= 
ment), and is replaced by the permanent outer egg-mem- 
brane, the chorion, The latter, howover, is simply the 
serous membrane, which, as we have already scen, is the 


ie 
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product of the outer germ-layer of the germ-membrane 
vesicle, (See vol. i. p, 401, and Fiy. 139, 4, 5, 4, p. 885.) "This 
is at first a very smooth, thin membrane, surrounding the 
entire egy, as a closed spherical vesicle, and consisting of a 
single layer of exederm cells. The chorion, however, be- 
comes very soon atudded with a number of little protuber- 
ances or tufts (Fig. 189, ,, chs), These fit themselves inte 
indentations in the mucous membrane of the uterus, and 
thus secure the egg to the wall of the latter. The tufts 
are, however, not solid, but hollow, like the fingers of a 
glove. Like the whole chorion, these hollow tufts consist of 
‘a thin layer of cells belonging to the horn-plats. They 
very soon attain an extraordinary development, growing 


and branching rapidly. In the spaces between them, new 
Fro, 198.—Egg-coverings of 
tho human embryo (dingrami= 
matic) : mm the thick flashy wall 
of the uterus; piv, placenta, 
osha, tho inser stratum’ (pla') ot 
Re N which haa extended processes 
r between tho chorion-tufts (cla) 
(ohf, tufted, chi, smooth eho. 
xion) ; , anulon; ah, amnion 
cavity; ov, nmnion sheath of 
tho navol.cord (pasting down 
into tho navel of the ombryo, 
which ia not represented here) ; 
yolk-sa0 j 
, docidun (de, trun, de, 
falas), ‘Tho uteruscavity: (uk) 
opens below into the yagi 
above, on the right hand 
Into. an oviduct (). (After 
Kolliker:) 








i} 
i 
| 
\ 

















tufts arise in all directions from the serous membrane, and 
thus before long (in the human embryo in the third week) 
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the whole outer surface of the egg is covered with a dense 
forest of tufts (Fig. 134). 

‘These hollow tufts are now penetrated from within by 
the branching blood-vessels, which originate from the in- 
testinal fibrous layer of the allantois, and which contain 
the blood of the embryo, introduced through the navel vessels 
(Big. 198, chs), On the other hand, dense networks of 
blood-vessels develop in the mucous membrane, which 
lines the inner surface df the uterus, particularly in the 
neighbourhood of the depressions into which the chorion- 
tufts penetrate (plu). ‘These vascular networks receive the 
blood of the mother introduced through the uterus vessels. 
The whole maze of these two sets of vessele, which are here 
most intimately connected, together with the connecting 
and enyeloping tissues, is called the placenta, or “ vascular 
cake.” Properly speaking, the placenta consists of two 
quite different, though closely connected, parts; internally, 
of the embryonic placenta (placenta fatatis, Fig: 198, che), 
and externally of the maternal placonta (placenta uterina, 
Fig. 198, plu). ‘The latter is formed by the uterine mucous 
membrane and its blood vessela: the former by the 
secondary chorion and the navel vessels of the embryo. 

‘The mode in which those two “ vascular cakes” com- 
bine to form tho placenta, as well os the structure, form, 
and size of the latter, differs much in different Placental 
Animals, and affords valuable data for natural classification, 
and hence also for the tribal history of the whole sub-class. 
The latter is primarily divisible into two main divisions, 
based on these differences: the lower Placental Animals, 
which are called Jndecidua, and the higher Placental 
Animals, or Decidwata, 


b 
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To the Indecidua, or lower Placental Animals, belong 
two very comprehensive and important vertebrate groups : 
(1) the Hoofed Animals (Ungulata)—the Tapirs, Horses, 
Swine, Ruminants, and others; (2) the Whale-like animals 
(Cetomorpha}—the Sea-cows, Porpoises, Dolphins, Whales, 
and othors, In all these Indecidua the chorion tufts are 
distributed, singly or in bunches, over the entire surface of 
the chorion, or over the greater part of it. They are but very 
loosely attached to the mucous membrane of the uterus, so 
that the entire outer egg-membrane with its tufts might 
easily and without using force be drawn out of the depressions 
in the uterine mucous membrane, just as the hand is with- 
drawn from a glove. The two “vaseular cakes” do not 
really conlesee at any point of their contact, Hones, at 
birth the “embryonic cake” (placenta futalis) is alone 
removed ; the “maternal cake” (placenta uwlerina) is not 
displaced. ‘Tho entire mucous membrane of the gravid 
uterus is but little altered, and, at parturition, suffers no 
direct loss of substance. 

The structure of the placenta in the second and higher 
division of Placental Animals, the Deciduata, is very dif- 
ferent. To this comprehensive and very highly developed 
mammalian group belong all Beasts of Prey and all Inseet- 
caters, Gnawers (Rodentia), Elephants, Bats, Semi-apes, and, 
lastly, Apes and Man, In all these Deciduata the whole 
surface of the chorion is also at first thickly covered with 
tufls, ‘These, however, afterwards disappear from part of 
the surface, while they develop all the more vigorously in 
the remainder. The smooth chorion (chorion lowe, Fig. 198, 
ehl) thus becomes distinct from the tufted chorion (chorion 
frondoswm, Fig, 198, chf), On the former there are only 
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minute and scattered tufts, or none at all; while the latter 
is thickly overgrown with highly developed and large tufts, 
In the Deciduata the tnfted chorion alone forms the 
placenta. 

Yet more characteristic of the Deciduata is the very 
peculiar and intimate connection which is developed in 
these between the tufted chorion and the contiguous 
portion of the uterine mucous membrane, and which must 
be regarded as a true coalescence. The vascular tufts of 
the chorion push their branches into the sanguineous tissue 
of this mucous membrane in such a way, and the two sets 
of vessels are in such close contact and are so interlaced, 
that the embryonic placenta is no longer distinguishable 
from the maternal placenta; the two form one whole—1 
eompact and apparently simple placenta. Owing to this 
intimate coalescence, a portion of the uterine mucous mem- 
brane of the mother comes away, at birth, with the firmly 
adherent cgg-membrane, Tho portion of the mother's body 
which is thus removed in parturition is called, on account 
of its separable nature, the deciduous membrane (decidua), 
All Placental Animals which possess this deciduous mem- 
brane are classed together as Deciduata. The removal of 
this membrane at parturition, of course, causes a greater or 
less loss of blood by the mother, which does not occur in 
the Indecidua. In the Deciduata, moreover, the lost portion 
of the uterine mucous membrané must be replaced, after 
parturition, by a renewal of the tissue. 

The structure of tho placenta and deciduous membrane 
is, however, by no means identical throughout the compre- 
hensive group of Deciduata. On the contrary, there are 
many important differences in this respect, which are i 





162 ‘THE EVOLUTION OF MAN, 


some degree connected with other important structural 
characters (¢g,, the structure of the brain, of the teeth, of the 
feet), and which may justly, therefore, be turned to account 
in the phylogenctic classification of Placentals. In the first 
place, two great groups of Deciduata may be distinguished 
according to the form of the placenta: in the one group it 
is ring-shaped or girdle-shaped; in the other it is discoid or 
cake-shaped, In Deciduata with girdleshaped placenta 
(Zonoplucentalia) tho polos of the oval exg take no. part 
in the formation of the placenta. The “vascular cako” 
resembles a broad ring-like girdle, embracing the central 
zone of the egg, It is so in Beasts of Prey (Carnassia), 
both in the terrestrial forms (Carnivora) and in the marine 
forms (Pinnipedia). A similar girdle-shaped placenta, is 
found in the Fulse-shoofed Animals (Chelophora): the 
elephants, and Klip Das (Hyrax) with its allies, whieh were 
formerly clusied ns Hoofed Animals. All these Zonoplacen- 
talia belong to one or more side-branches of the Deciduata, 
which are not nearly allied to Man. 

‘The second and most highly developed group is formed 
by the Deciduata with discoidal placenta (Discoplacentalia), 
The formation of the placenta is here most localized and 
its structure most fully developed, The placenta forms a 
thick, spongy cake, usually in the form of a circular or 
oval dise, and attached only to one side of the uterine 
wall. The greater part of the embryonic egg-mombrane is, 
therefore, smooth, without developed tufts, To tho Disco- 
placentalin bolong the Semi-apes and Insect-eators, the 
Diggers (Eodienta) and the Sloths, Rodents and Bats, 
Apes and Man. Comparative Anatomy enables us te infer 
that of these various orders the Semi-wpes are the parent- 
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group from which all other Diseoplacentals, and perhaps 
even all Deciduous Animals, have developed as divergent 
branches, (Cf Tables XXIIL and XXIV.) 

Tho Semi-apes (Prosimia) are now represented only by 
very fow forms, These, however, arc very interesting, and 
must be regarded as the Jast remnants of a group once rich 
in forms. This group is certainly very ancient, and was 
probably very prominent during the Eocenc Epoch. Their 
present degraded descendants are scattered: widely over the 
southern portion of the Old World. Most of the species 
inhabit Madagascar; a fow the Sunda Islands; a few others 
the continents of Asia and Africa, No living or fossil Semi- 
apes have, aa yet, been found in Europe, America, or Ans- 
tralia! The widely scattered posterity of the Semi-apes 
is considerably diversified. Some forms seem nearly allied 
to the Mansupials, especially to the Pouched-rats. Others 
(Macrotarst) are very near akin to the Tnsect-eaters, and 
yet others (Cheiromys) to the Gnawers (Rodentia). One 
genus (Galeopithecus) forms a direct transition to the Bats 
Finally, somo of the Semi-npes (Brachytarsi) approach very 
near to true Apes, Among the latter are some tail-less forms 
feg., the Lori, Stenope, Fig. 199). From these highly in- 
teresting and important relations of the Scmi-apes to the 
various Discoplacental orders, we may fairly infer that 
of the extant representatives of this group, they are the 
hearest to the common primitive parent-form Among the 
direct common ancestors of Apes and Men, there must have 
been some Deciduata which we should class among the 
Semi-apes, were we to see them alive. We may therefore 
consider this order as a special stage, following the Pouched. 
Animals, as the eighteenth stage in the human pedi; 
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Probably our ancestors among the Semi-apes closely re- 
sembled the extant Brachytarsi or Lomurs (Lemur, Lichan- 








Pic, 190. —Tho Slender Lori of Coylon (Stenaps gracilis), 


otus, Slenops), and, like these, led a quiet life, climbing on 
trees, The extant Semi-apes arc mostly nocturnal animals 
of gentle and melancholy disposition, subsisting on fruits. 


LL { 
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The Semi-apes are immediately followed by the true 
Apes (Simia), as the nineteenth stage in the human pedi- 
gree. It has long been beyond doubt that of all animals 
the Apes are in all respects the most nearly allied to Man. 
Just 28, on the one side, the lowest Apes approach very near 
to the Semi-apes, #0, on the other sido, do the highest Apes 
most closely resemble Man. By carefully studying the Com- 
parative Anatomy of Apes and Man, it is possible to trace a 
gradual, uninterrupted advance in the Ape-organization up to 
the purely human structure; and on impartially testing this 
“ Ape-question,” which has lately been agitated with such 
passionate interest, we shall infallibly have to acknowledge 
the important fact, which was first explicitly laid down by 
Husley, that “whatever rystem of organs be studied, the 
comparison of their modifications in the ape series leads to 
one and the same result—that the structural differences 
which separate Man from the Gorilla and Chimpanzee are 
not #0 great as those which separate the Gorilla from the 
lower Apes.” In phylogenetic language this pregnant law 
established in so masterly a manner by Husley, is equiva- 
lent to the popular phrase; Man is descended from the Ape. 

Tn order to become convinced of the trath of this Luw, 
let us now once more consider the placenta and deciduous 
membrane, on the varied structure of which we justly laid 
special stress, Men and Apes, in tho structure of their dise- 
shaped placenta and in their decidua, do, indeed, coincide 
on the whole with all other Discoplacental Animals, But 
in the more delicate structure of these parts Man is dis- 
tinguished by peculiavitics which he shares only with Apes, 
and which are absent in other Deciduata. Thus in Man 
and in the Apes three distinct parts are recognized in the 
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deciduous membrane; these parts may be called the outer, 
the inner, and the placental deciduous membrane, The 
outer or true membrane (d. externa or vera, Fig. 198, dy, 
Fig. 200, 9), is that portion of the uterine mucous membrane 
which coats the intornal surface of the uterus wherever the 





Fro. 200 —Human embryo, twelve wecks old, with its coveringss natural 
xe, Tho navel cord pames from the navel to the placenta: b amnion : 
¢, chorion; 4, placenta; d', remains of tufts on the smooth chorion; J, de 
cidua rejtera (inner) ; 9, decidua vera (ovtnr). (After Rernbard Schultse.) 





lator is not attached to the placenta, The placental or 
spongy deciduous membrane (d., placentalis or serotina, 
Fig. 198, plu, Fig. 200, d) is simply the maternal placenta. 


= 
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itself, or the maternal part of the “vascular enke” (pla- 
centa uterina), ie. that part of the uterine mucous mem- 
brane which coalesces intimately with the chorion-tufts of 





Fis. 201.—Mature human ombryo (at the end of prognaney), fn ite natural 
Position, inken out of the uterus. On the inner surface of tho Inttor fon 
the left) is the plhoenta, which in attached to the navel of the child by the 
mayel cord. (After Bernbard Schultzo.) 


the embryonic placenta (placenta fetalis). Lastly, the 
inner or false deciduous membrane (d. interna or reflexa, 
Fig, 198, ds, Fig. 200, /') is that portion of the uterine mucous 
membrane which, as a peculiar thin envelope, eovers all the 
rost of the egg-surfuco, lying immediately over the tuftless 
smooth chorion (chorion lees), ‘The origin of these three 
distinct deciduous membranes, concerning which erroncous 
notions have been entertained (still retained in the nomen- 
¢lature), is plain enough; tho external or true deciduous 
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membrane is a peculiar modification, afterwards lost, of the 
superficial layer of the original mucous membrane of the 
uterus The placental membrane is that portion of the 
preceding which is completely modifiod by the intrusion of 
the chorion-tufts and is employed in forming the placenta, 
Lastly, the inner deciduous membrane is formed by a 
ring-shaped fold of the mucous membrane (at the point 
of union of the d. vera and the d serotina) which rises, 
grows round the egg, and closes in the sume way as the 
amnion 

‘The peculiar anatomical characters which mark the human 
egg-moembrane ro-oceur, in the same form, only in Apes, AIL 
other Discoplacontal Animals present greater or lees differ- 
ences in these points, the conditions being generally more 
simple, This is the case, for instance, in the structure of 
the placenta itself, in the coalescence of the chorion tufts 
with the decidua eerotina, The matured human placenta 
ism cireular (rarely oval) disc of a soft, spongy character, 
6 to 8 inches in diameter, about 1 inch thick, and weighing 
from 1 to 1} lb. Its convex, external surface (that whieh 
conlesces with the uterus) is very uneven, and tufted. Its 
internal, concave surface (that which is turned towards the 
cavity of the egg) is quite smooth, and clothed by the amnion 
(Fig. 198, a). From near the centre of the placenta springs 
the navel cord (feniculus uml is), the development 
of which we have already observed (vol. i. p. 383). Tt aleo'is 
coated by the amnion as with a sheath, which at the navel 
endl passes directly into the abdominal skin (Fig. 200, 201). 
‘The mature navel cord is a cylindrical cord, coiled spirally 
around its axis, and usually about 20 inches long and } inch 
thick, It consists of gelatinous connective tissues (“ Whar- 
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ton’s jelly"), in which are contained the remnants of the 
yolk-vesscls and of the great navel vessels; the two navel 
arteries which convey the blood of the embryo to the pla~ 
centa, and the great navel vein which brings back the blood 
from tho latter to the heart. The numerous fine branches 
of these embryonic navel vessels pass into the branched 
chorion tufts of the fotal placenta, and with these, finally, 
grow, in a very peculiar way, into large blood-filled cavities, 
which spread themselves in the uterine placenta and con- 
tain blood from the mother. The anatomical relations, very 
complex and difficult to comprehend, which aro developed 
betwoon the embryonic and the maternal placenta, exist in 
this form only in Man and in the higher Apes, while in all 
other Deciduous Animals their form is more or less different. 
‘The navel cord, also, is proportionately longer in Man and 
in Apes than in other Mammals. 

As in these important characters, so also in every other 
morphological respect, Man appears as a member of the 
order of Apex, and cannot be separated from the latter. The 
great originator of systematic description of nature, Karl 
Linneus, with prophetic penetration, united Men, Apes, 
Semi-apes, and Bats in a single natural division, under the 
name of Primates, that is, the first, the lords of the animal 
Kingdom. Later naturalists dissolved this order of Primates. 
The Gottingen anatomist, Blumenbach, first placed Man in 
special order, which he ealled that of Two-handed Animals 
(Bimana); in a second order, he united Apes and Semi- 
apes under the name of Four-handed Animals (Quad- 
rumaaa), while a third order included the distantly related 
Bats (Chiroptera). ‘Tho soparation of the Bimana and 
Quadrumana was retained by Cuvier and most succeeding 
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noologiata. It seoms very important, but is really wholly 
unjustifiable, This was first shown im the year 1863 by 
Huxley. Supported by very accurate Comparative Anato~ 
inical researches, he proved that Apes are as “two-handed” 
ax Men, or, conversely, that Men are as “ four-handed”" as 
Apes. Huxley showed, with convincing clearness, that the 
ideas previously held of the hand and the foot were false, 
and were incorrectly founded on physiological instead of on 
morphological distinctions. ‘The circumstance that in the 
hand, the thumb may be opposed to the other four fingers, 
thus permitting the act of grasping, appeared especially to 
distingaish the hand from the foot, in which the correspond= 
ing great toe cannot be thus opposed to the four remaining, 
toex Apes, on the contrary, can grasp in this way with the 
hind-foot as well as with the fore-foot, and were therefore 
regarded as four-handed. Many tribes, however, among the 
lower races of men, especially many negro tribes, use the foot 
in the same way as the hand. In consequence of carly habit 
and continued practice, they are able to grasp as well with 
the foot as with the hand (for example, in climbing, they 
grasp the branches of trees), Even new-born children of our 
own rer hnve a very strong grasping power in the greattog, 
with which they can bold a spoon as fast ax with the hand: 
The physiological distinction between hand and foot can, 
therefore, neither be strictly carried out, nor scientifically 
established. Morphological characters must be used for this 
purpose, 

A sharp morphological distinction of this kind—that is, 
one founded on anatomical structure—between hand and 
foot, between the anterior and the posterior limbs, ix actually 
possible. There are essential and permanent differences 
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both in the structure of the bony skeleton and in that of 
the muscles which are attached to the hand and the foot; 
and these ars exactly the same in Man and in the Ape. 
‘There is, for instance, an essential difference in the arrange- 
ment and number of the wrist-bones of the hand (carpus) 
and the ankle-bones of the foot (tarsus). The muscle-masses 
present equally constant differences, The posterior ex- 
tromity, the foot, has always three musclos (a short flexor 
muscle, a short extensor muscle, and a long muscle attached 
to the muscles of the tibia) which are never present in 
the anterior extremity, the hand. The disposition of the 
muscles is also very different in the two sets of limbs 
These characteristic differences between the anterior and 
the posterior extremities occur in Man just as in Apes. 
Thore can, therefore, be no doubt, that the foot of the 
Ape deserves the name aa truly as that of the Man; and 
that all true Apes are as genuinely two-handed animals 
(Binana) as Man, Thus the usual distinction of the Apes 
#* Quadrumana is wholly unjustifiable. 

Té might now be asked whether, quite apart from these, 
there are not other marks by which Man is more widely 
separated from the Apes than are the different species of 
Apes from ench other, Huxley has given a final negative 
to this question so convincingly, that the opposition now 
raised against him in many quartera must be regarded as 
completely unfounded and ineffective, Based on an accurate 
study of the Comparative Anatomy of all parts of the body, 
Huxley brought forward very significant proof that, in 
evory anatomical respeet, the differences between the highest 
and the lowest Apes are greater than the corresponding 
differences between the highest Apes and Man. He there- 
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fore restored Linnreus’s order of Primates (excluding the 
Bats), and divided it into three different sub-orders, the 
first of which is formed by the Semi-apes (Lemwrida), the 
second by the true Apes (Simiadce), and the third by Men 
(Anthropida’y™ 

Yet, if we proceed logically and without prejudice, in 
accordance with the principles of acientifie reasoning, we 
find, on the basis of Haxley’s own law, this division im- 
adequate, and must go considerably further, As I first 
showed in 1866, in treating this question in my Generelle 
Morphologie, we are fully justified in taking at least one 
important step further, in assigning to Man his natural 
place in one of the divisions of the Ape-order. All the 
characters distinctive of this one division of the Apes are 
present in Man, while they are absent in other Apes, We 
are, therefore, not justified in forming a distinct order for 
Man apart from the trae Apes. 

The order of the truc Apes (Simic), the Semi-apes being 
excluded, has long been divided into two natural main 
groups, which, among other points, are distinguished by 
their goographieal distribution. Those of one division 
(Hesperopitheci, or Wostorn Apes) live in the New World, 
in America, The other division, to which Man belongs, is 
that of the Heopitheci, or Eastern Apes; these liye in the 
Old World, in Asia, Africa, and, formerly, in Europe. All 
the Apes of the Old World, all Heopitheci, share, in common 
with Man, all those characteristics to which special promin= 
ence is justly given, in distinguishing these two groups of 
‘Apes, in zoological classification ; among these characteristics 
the structure of the tecth is most prominent, The objee- 
tion is at once evident that the tecth are, in m physiological 
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sense, much too subordinate a part of the body to justify so 
great a weight being attached to their structure in so im- 
portant a question. There are, however, good reasons for 
this prominent consideration of the structure of the teeth; 
and it is with perfect correctness and propriety that sys- 
tematie zoologists have, for more than a century, given 
special weight to this character in systematically dis- 
tinguishing and arranging the mammalian orders, The 
number, form, and disposition of the tecth are transmitted 
much more accurately within the respective orders of the 
mammals than are most othor zoological characteristics. 
‘The structure of the human teeth is well known. In matu- 
rity there are 32 teeth in our jaws, and of these 32 tecth, 
§ are front-teeth, + canine-teeth, and 20 molar-teeth. The 
eight front-teeth or incisors (dentes incisivi), which are 
situated in the centre of the jaws, exhibit characteristic 
differences in the upper and lower jaw. In the upper the 
inner incisors are larger than the outer; in the lower jaw, 
on the contrary, the inner incisors aro smaller than the 
outer. Next to these, on each side, both in the upper and 
lower jaw, is a corner-tooth, which is larger than the in- 
cisors, the so-called eye-tooth, or canine (dens caninua). 
Sometimes this tooth becomes very prominent in Men, as in 
most Apes and many other Mammals, and forms a sort of 
tusk. Finally, next to this, on each side, and in each jaw, 
‘are situated five back-teeth, or molar-teeth (dentes molares), 
of which the two foremost (tho bicuspid tecth) are small, 
have but a single fang, and are subject to the change of 
teeth, while the three hinder molars ars much larger, have 
two fangs, and do not appear till after the temporary teeth 
have been shed (so-called “ grinders"), The Apos of the 
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Old World have exactly this human structure of the teeth— 
all Apes which have as yet been found, either living or as 
fossils, in Africa, Asia, and Europe. All Apes of the Now 
World, on the contrary, all American Apes, have an extra 
tooth on both sides of each jaw; this is a biseupid tooth 
Thus they bave six back-tecth on both sides of each jaw— 
in all, thirty-six teeth. This characteristic difference be- 
tween the Eastern and Western Apes has been so constantly 
transmitted within the two groups, that it is of the greatest 
value to us, A small family of South American Apes does, 
indeed, appear to form an exception in this respect. The 
pretty little Silke Apes, or Marmosets (Hapalida), namely, to 
which the Brush-monkey (Midas) and the tufted Marmosct 
(Jacckus) belong, have but five back-tecth in each half of 
the jaw, instead of six, and, accordingly, seem to approach 
nearer the Eastern Apes. But on closer observation it 
is found that, like all the Western Apes, they have the 
three biscupids, and that the hindmost grinder has been 
lost, Thus this apparent exception confirms the value of 
the distinction, 

Among the other marks by which the two main groups 
of the Apes are distinguished, the structure of the nase is 
specially important and prominent. In all Old World Apes 
the structure of the nose is the same 4s in Man; namely, # 
comparatively narrow partition of the two halves, so that 
the nostrils are directed downwards. Tn a fow Eastern Apes, 
the nose projects as prominently and is as characteristically 
formed as in Man. We have already called attention, 
in this respect, to the remarkable Nose-ape (Semno- 
pithecue nasicus), which has a well-curved and Jong nose 
(Fig. 202). Most of the Eastern Apes have, it is true, @ 
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somewhat flatier nose, as, for instance, has the white-nosed 
Sea-cat (Cercopithecus petaurista, Fig, 203); yet in all the 
partition of the nose is narrow and thin. On the contrary, 
all American Apes have a difforent nasal structure, In 
them, the partition is peculiarly broadened and thickened 
‘below, and the wings of the nose are not developed, in con- 
sequence of which the nostrils are not below, but are 
turned ontwards. This characteristic difference in the 
structure of the nose has also been so accurately trans- 











Pia, 202.—Ifeud of Nose.npo (Sembopithuews naricus). 
Fin, 203.—Tho white-nosod Sea-ent (Cercopithecus pelaurieta). 


mitted in both groups, that, on account of it, the Apes of 
the New World have been called Flat-nosed (Platyrhina), 
and those of the Old World Narrow-nosod (Cutarhince). 
The former aro, on the average, inferior in onganization, 
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‘The division of the order of Apes into two sub-orders, 
the Platyrhina: and the Caterhina, is,on account of the 
constant hereditary characters, now generally accepted by 
zoologists, and receives much support from the geographical 
distribution of the two groups between the New and Old 
Worlds. From this follows the direct inference, very im- 
portant in its bearing on the Phylogeny of Apes, that, from 
the primeval common parent-form of the Ape-order, two 
diverging lines branched out at a very early period, one of 
which spread over the New World, the other over the Old. 
It is certain that all the Flat-nosed Apes, on the ane hand, 
are descendants of a common parent-form, and, on the other 
hand, all the Narrow-nosed Apes from another 

An inference concerning our own pedigree may be drawn 
from this. Man has exactly the eame characters, the same 
peculiar formation of the tecth and nose, as all the 
Catarhinw, and is as thoroughly distinguished by there 
charateristies from the Platyrhinw. We are therefore com- 
pelled, in classifying the Primates, to assign to Man a place 
in the Narrow-nosed group. ‘The bearing of this on onr 
tribal history is, that Man is immodiately related in blood 
to the apes of the Old World, and may be traced from a 
parent-form common to all other Catarhine also, Man is 
a genuine Narrow-nosed Ape in his whole structure and 
in origin, and has descended from some unknown, extinet 
Catarhine form in the Old World. On the other hand, the 
Apes of the New World, the Flat-nosed group, constitute = 
diverging branch of our family tree, and stand in no near 
genealogical relation to the human race. 

We have now reduced the circle of our nearest allies 
to the small group, containing comparatively fow forms, 
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which is ropresented by the sub-order of the Narrow-nosed, 
or Eastern Apes. Finally, the question which now re- 
mains'to be answered is—what position in this sub-order 
must be assigned to Man, and whether other inferences as 
to the structure of our i 





mediate ancestors may be drawn 
from this position. The comprehensive and acute researches 
into the Comparative Anatomy of Man and the various 
Catarhinw, which Huxley has recorded in his work on the 
“Evidence as to Man's Place in Nature,” are of the greatest 
value in furnishing the answer to these important questions 
The inevitable conclusion is, that the difference between 
Man and the highest Narrow-nosed Apes (the Gorilla, Chim- 
panzee, Orang) ix slighter in every respect than the corre- 
sponding differences between the highest and the lowest 
Catarhines (the Sea-eat, Macaque, Baboon). Even within 
the small group of the Tail-less man-like Apes (Anthro- 
poides) tho several gonora do not differ loss from each other 
than they do from Men. This is scon by a glance at the 
skeletons ropresented hore, as arranged by Huxley (Figs, 
204-208). If the skull, or the vertebral column, together 
with the rib-aystem, or the anterior or posterior members, 
are compared; or if the comparison ix extended to the 
muscular system, the circulatory system, the brain, ete, 
a eandid and unprejudiced examination always results in 
the same conclusion, that Man does not differ more from 
the higher Catarhines than the extreme forms of the latter 
(for example, the Gorilla and Baboon) differ from each 
other. We can, therefore, complote tho important propo- 
sition already quoted from Huxley: We may take what- 
ever system of organs we will,—the comparison of their 
modifications within the ranks of the Catarbinw leads us 
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to one and the same conclusion: that the anatomical dif- 
ferences that distinguish Man from the most highly developed 
Catarhinse (the Orang, Gorilla, Chimpanzee), are not so great 
a8 those which separate the latter from the lowest Catarhina: 
(Sea-cat, Macaque, Baboon). 

We must, therefore, consider the proof complete, that Man 
is descended from other Narrow-nosed Apes (Cutarhin). 
Although future researches into the Comparative Anatomy 
and Ontogeny of the existing Catarhines, as well as of their 
fossil relatives, promise us various new details, yet no 
future discovery can ever overthrow that important pro- 
position, Our Catarhine ancestors must, of course, have 
passed through a long series of varied forms, before Man 
finally developed a4 the most perfect form. ‘The following 
must be considered as the most important advances by 
which this “Creation of Man,” his differentiation from the 
most nearly allied Catarhine Apes, was cflected : Habituation 
t upright carriage and, in connection with this, the greater 
differentiation of the anterior and posterior limbs; also, the 
development of articulate speech and its argnn, the larynx; 
and lastly, and especially, the more perfect development of 
the brain and its function, the soul; sexual solection must 
have exerted an extraordinarily important influence, as 
Darwin has conclusively proved in hia celebrated work on 
soxnal selection! 

With reference to these advances, we may, among our 
Catarhine ancestors, distinguish nt least four important 
ancestral stages, marking prominent epochs in the great 
historical process of the origin of Man. As the nineteenth 
stage in the human pedigree, next to the Semi-apes, we may 
place the oldest and lowest Catarhine Apes, which developed 
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from the former by the formation of the characteristic | 
catathine head, and by the peculiar modification of the 
teeth, the nose, and the brain. This oldest parent-form of 
the whole Catarhine group must, certainly, have been 
thickly covered with hair, and must have had a Jong tail ; 
was, in fact, a Tailed Ape (Menocerea, Fig. 203), ‘They 
wore already in existence during the earlier part of the 
Tertiary Epoch (during the Foceno Period), as is shown by 
fossil remains of Eocene Catarhines. Among extant Tailed 
‘Apes, the Slender Apes (Semnopitheci) are perhaps most 
nearly related to this parent-form.™ 

As the twentieth stage in the human pedigree, next to 
these Tailed Apes, we must rank the Tail-less man-like Apes 
(Anthropoides), under which name the most highly de~ 
yeloped Catarhines, those most nearly related to Man, have 
been grouped.’ They originated from the Tailed Catarhines, 
hy the loss of the tail, the partial loss of their hairy covers 
ing, and the further development: of the brain, the latter 


_ being indicated in the preponderating development of the 


brain-skull over the facial skull At the present time bat 
few forms of this remarkable family are in existence; they 
are distributed into two different groups, an African and an 
Asiatic group. The African Man-like Apes are limited to 
the western part of tropical Africa, but are probably dis- 
tributed over Central Africa in several species, Only two 
species are well known: the Gorilla (Pongo gorilla, or 
Gorilla engina), the largest of all Apes (Fig. 207); and the 
smaller Chimpanzee (Pongo troglodytes, or Engeco troglo- 
dytes), which may be soon in several zoological gardens 
(Figs. 206, Plate XIV. Figs 1,2). Both tho African Man- 
like Apes are black in colour, and like their countrymen, 
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the Negroes, have the head long from back to front (doli- 
chocephalic). The Asiatie Man-like Apes are, on the con- 
trary, mostly of a brown, or yellowish brown colour, and 
have the head short from back to front (brachycephalic), 
like their countrymen, the Malays and Mongols. The 
largest Asiatic Man-like Ape is the well-known Orang, or 
Orang-outang (Fig. 128), which is indigenous in the Sunda 
Islands (Borneo, Sumatra), and is brown in colour. Two 
species have recently been distinguished: the great Orang 
(Satyrue Orang; Fig. 205, Plate XIV. Fig. 3), and tho small 
Orang (Salyrue morio). A genus of smaller Anthropoids 
(Fig. 204), the Gibbons (ylobutes), live on the main-land 
of Southern Asia and on the Sunda Islands; from four to 
eight different species of these have been distinguished. 
Neither of these living Anthropoids can be indicated as the 
Ape absolutely most like Man. The Gorilla approaches 
nearest to Man in the structure of the hand and foot, the 
Chimpanzee in important structural dotaila in the skull, 
the Orang in the development of the brain, and the Gibbon 
in that of the thorax, It is evident that no single one of 
these existing Man-like Apes is among the direct ancestors 
of the human race ; they are all the last scattered remnants 
of an old, catarhine branch, once numerous, from which the 
human race has developed as a special branch and in a 
special direction. 

Although Man (Homo) ranks immediately next to this 
anthropoid family, from which he doubtless directly origin- 
ated, yet the Apo-men (Pithecanthropi) may be inserted 
here, as an important intermediate form between the two, 
and as the twenty-first stago im our ancestral sericea. In the 
“Natural History of Creation” (vol. ii p. 293), I have 
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applied this name to the speechless Primitive Men (Alali), 
who made their appearnnce in what is usually ealled the 
human form, that is, having the general structure of Men 
(especially in tho differentiation of the limbs)—but yet 
boing destitute of ono of the most important qualities of 
Man, namely, articulate speech, as well as of the highor 
mental development connected with speech. Tho highor 
differentiation of the larynx and of the brain occasioned by 
the latter, first gave rise to the true “Man.” 

Comparative Philology has recently shown that the 
present human language is polyphyletie in origin, that 
soveral, and probably many, different original languages 
must bé recognized, as having developed independently from 
cach other. Tho history of the development of languages 
also tenches us (its Ontogeny in every child, as well ax its 
Phylogeny in every race), that the actual rational lan- 
guage of men developed gradually, only after the body 
had developed into the specific homan form. It is 








ven 
gin till 
after the differentiation of the various species, or races of 





probable that the formation of langage did not be, 





mon, and this presumably occurred in the beginning of the 
Quaternary Epoch, or the Diluvial Period, ‘The Ape-men, 
or Alali, were therefore probably already in. existence 
toward the close of the Tertiary Epoch, during the Pliocene 
Period, perhaps even as early as the Miocene Period. 
Lastly, th 


must be considered as the twenty-second and final stage 





genuine or speaking human being (Homo) 


in our animal. podig: 





ve. Man originated from the pre- 
ceding stage in consequence of the gradual improvement 
of inarticulate animal sounds into true human articulate 
peech. Only very uncertain conjectures ean be formed as 
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to tho time and place of thie true “Creation of Man.” 
It is probablo that Primmval Mon originated during the 
Diluvial Epoch, in the torrid zone of the Old World, cither 
on the continent of tropical Asia or Africa, or on an earlier 
continent which has now sunk below the surface of the Indian 
Ocean, and which extended from Eastern Africa (Madagas- 
ear and Abyssinia) to Eastern Asia (the Sunda Islands 
and Eastern India). In my “ Natural History of Creation " 
(Chapter XXIII. and Table XV), I havo atready fully 
discussed the important evidence as to the former existence 
of this large continent, called Lemuria,and how the distribu- 
tion of the various specics and races of men probably took 
place from this “Paradise” over the surface of the earth, 
In the same place, 1 have also fully discussed the inter- 
relations of the various races and species of tho human 
race! 
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Srorematte Suayer of tax Pxrrops i rue Tarnat Hysrout oF te 
Humax Race. 
(Compare Table VIIL, vol. i. p. 402.) 


FIRST MAIN PERIOD IN TRIBAL HISTORY. 
‘The Plastid Ancestors of Man. 
‘Tho form of tho ancestors of man is equal to the simple individual of the 
first onder, a single plastid, 


Virat Stage > Monoron Series (Viz. 163, p, 46). 
‘The anceators of man are single, living, simple cytods, 


Socond Stage: Amabs Series (Fig. 167 p. 63). 
‘The ancestor of man aro single, living, simple cells. 


SECOND MAIN PERIOD IN TRIBAL HISTORY. 
‘The many-cellod Primitive Animal Ancestors of Man. 

‘The ancestors of man consist of a closely-united society of many homo- 
geneous celles hence their form-value ix that of individuals of the second 
condor, of Idorgana. 

‘Third Stagw: Syaameba Series (Hig. 170, p. 65). 

‘The ancestors of mon are many-celled prititive animals of tho simplest 

kinds solid mannose of simple, homogeneous cella. 


Fourth Stage ; Planwa Serlos (igs. 172, 173, p. 60). 
‘The ancestors of man ary masy-celled primitive animale of a character 
ike that of the Magorphara and oortain planulalarew, of equal rank with 
tho ontogenotio Blastula or Blaitoepherra y hollow spheres, the wall of which 


consists of a single stratum of ciliated cells, 
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THIRD MAIN PERIOD IN TRIBAL HISTORY, 


‘The Invortobrate Intestinal Animal Ancestors of Man. 


‘The ancestors of man havo tho form-vnlue of individuals of the third 
‘order, of inarticulate individuals, ‘Tie body enctovos wn intestinal cavity 
‘with a mouth, and conginte at first of two primary gurmlayers, afterwards 
of four sooondary gormlayors, 


Fifth Stago : Gastrwa Series (Figs, 174-179, p. 65). 


‘The ancestors of man have the form-raluo and structure of o Gastrols, 
‘The body consists merely of a simple primitive intestine, tho wall of whieh 
in formed of tho two primary germ-layers. 





Sixth Stage; Chordonium Series (Figs. 184-188, p, 80-20), 


‘Tho ancestors of man aro worms: at firvt, primitive worms, allied to the 
Turbelloria, afterwards worms of higher mnk, Scotecida; finally, notochord 
‘animals with tho organization of the ascidian larva, ‘The body is eompoeed 
of four secondary gorm-layers, 


FOURTH MAIN PERIOD IN TRIBAL HISTORY, 


The Vertebrate Ancestors of Man, 


‘The pocestors of man are vertebrates, and their forn-value is, (herefore, 
‘that of aa articulated individual, or a chain of motamera, Tho skin-sensory 
Inger is speoiniized into tho horn-plate, medntiory tube, and primitive 
Kidnoys. ‘The #kin-fitrous layer has divided into tho lanthor-plate, primitive 
yertobrm (mnscnlar plate and skeloton-plate), and tho notochord, From 
the intostinal.fibrous layer criginates tho henrt with the main blood-yeaecls 
and the fleshy intestinal wall From the intostinal-glundalar layer, thu 
‘epithelinm of the intestinal tubo is formed. ‘The formation of metnmera is 
constant. 3 





Sovonth Stage: Acranin Series (Wig. 18; P).X1. Pig. 18). 


‘Tho ancestors of man aro skull-less vertebrates, liko tho extant Amphi- 
exua. Tho body alrendy forms a chain of metamer, sovernl primitive 
rertebrwo having separated off. ‘The head is not yet entirely distinct from 
the trunk. ‘The modallary tube tas not separated Into teain-biadders. ‘Tho 
heart is very simplo, without chambers. The skull ix «till wanting; fa aro 
also tho jaws and limbs, 
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Highth Stag: Monorhina Sories (Pig. 100; PI. XI. Fiz. 26). 
‘Tho ancoxtors of man aro jaw-louw akelled animals (resombling the 
Aeyolopod Myzinoides nnd Petromyzoates). ‘The number of the motamerw is 
increasing. ‘The head s# becoming more distinotly difforentiated from the 
teunk. The anterior end of the medullary tube swells into a bladder.Aike 
stracture ahd form the brain, which ix soon differentiated into tive brains 
binddors. At the sides of these appear tho three higher organs of a¢nse. 
‘Tho heart ix divided into auricle and vontricle, ‘The jaws, limbe, and 
‘switaming bladder aro otill wanting. 





Ninth Stage: Tohthyodn Borles (Wigs. 191, 192) PL XT. and XUT). 


‘Tho ancestors of man aro fish Hike skulled animale 1, first, Primitive 
Pishos (Selachii), thon mud-fshes (1% pneusta),then gilled Batrachians (Soowro), 
‘Tho ancestors belonging to thin Ichthyoda atage develop two paice of Himbn: 
1 pair of anterior limbs (pectoral fine) and n pair of posterior Limbs (rentral 
fins), ‘The gill-arches are formod betwen tho gillopenings, and from them 
are formed tho first pair of jaw-nrohos (appor and lower jaws). ‘Tho, 
ewlmming-bladder (lange), liver, and pancroas grow from tho intestinal 
canal. 








‘Tenth Stoge: Amnicta Series (Mga 195-208; PI. XIV.). 

‘The ancostors of man aro amnion-animals or gill less vertebrates : firet, 
Primitive amnfota (Profamnia), then Primitive mammals (Sonstrema); next, 
Pouched animals (Mursupiala); thea Bembapes (Frosimic), and, lastly, 
Apes (Simia). The ape-ancestors of man nrw frst tailed Catarhing, then 
tnil-leas Catarhini (Anthropeties), then spoochloss Apo.men (Alali), and ®t 
Inst gonuino, speaking mon. ‘Tho ancestors belonging to this armnionate 
reriot develop sn amnion and allantois, and gradually acquire the mam. 
malian structure, aad at last the speoitic bamaa farm. 
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Systomatio Survey of the Phylogenetic Claaaification of Mammals. 
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CHAPTER XX. 


‘THE HISTORY OF THE EVOLUTION OF TAR 
AND THE NERVOUS SYSTEM. 


dormias Skin glands (Swoat-glands, Tear-glands, Sebacoon Glands, 
Milk-glonde);, Nails and Hair—The Bmbryonic Wool-covering—Hair 
‘of the Hoad and of the Board,—Influenco of Sexual Selection,—Arrunge- 


Large Brain (Cerebrum) and Small Brain (Cerebellum). 

Anntomy of tho Contenl Marrow —Gorm-history of the ‘otellny tubo, 
Separation of the Modallnry-tabe into Brain and Dormal Marrow. 
—Moditication of the Simple Deuin-bladder into Five Conssoutive Brain 
bladders: Foro-brain (Large Brain, or Corobrum), Trixt-brain (“Centre 

of Sight"), Mid-brain (‘Four Bulbs”), Hind-brain (Small Brain, or Cere- 
dettum), Afvercbrain (Nook Modelley Various Vormation of the Five 
Brain-bladdore in tho various Vertebrate Clason —Dovelopmont of 
the Conductive Marrow, or “ Foripherio Norvous Syste,” 





“Hardly any part of tho bodily framo, thow, could bo found botter 
ealoulated to illustrate the trath that the stractural difforences between 
‘Man and the highest Apo nce of leas yalae than those between the highest 
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and the lower Apes, than the hand or the foot, and yot, perhaps, thero is one 
-ongan which enforces the sume eonelaaion in a still moro xtriking manner— 
‘and that is the brain.” —AMan’s Place in Natwre, p. 4 (1863). 

“As if to domoustrato, by a striking example, tho impoibility of 
enpeting auy cerebral barrier between Man and the Apes, Naturo haa 
provided us, in the latter aulmnls, with an almost complete series of grax 
ditions, from brains little higher than that of a Rodent to brains little lower 
than that of Man.”"—15¢4. p, 06, 


OvR investigations, up to the present, have shown us how 
the whole human body has developed from an entirely simple 
beginning, from a single simple cell. The whole human 
race, a3 well as the individual man, owes its origin to a 
simple cell. The one-celled parent-form of the former is, even 
yet, reproduced in the one-celled germ-form of the latter. 
Tn conclusion, we must glance at the evolutionary history of 
the separate parts which constitute the humun body, Tn 
this matter, 1 must, of course, restrict. myself to the most 
general and important outlines ; for a detailed study of the 
evolutionary history of the separate organs and tissues 
would occupy too much space, and would demand a greater 
extent of anatomical knowledge than the generality of my 
readers are likely to possess. In considering the develop- 
ment of the organs, and of their functions, we will retain the 
method previously employed, except that we will consider 
the germ-history and the tribal history of the various parts 
of the body in common. In the history of the evolution of 
the human body as a whole we have found that Phylogeny 
everywhere servos to throw light on the obscure course of 
Ontogeny, and that the clow afforded by phylogenetic con- 
tinuity alone enables us to find our way through the labyrinth 
of ontogenotic facta. We ehall experience exactly the samo 
fact in the history of the developmont of the separate 
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organs; but I shall be compelled to explain the ontogenetic 
and the phylogenctic origin of the ongans simultancously ; 
for the further we penctrate into the details of organic 
development, and the more minutely we study the origin 
of the separate parts, the more clearly do we see how 
inseparably the evolution of the germ is cormected with 
that of the tribe The Ontogeny of the onzans is intelligible 
and explicable only through their Phylogeny ; just as the 
germ-history of the entire body (the “person” is rendered 
intelligible only by the history of the tribe. Each germ- 
form is determined by a corresponding ancestral form. ‘This 
is as truc of the parts as of the whole. 

Tn endeavouring, with the help of this fundamental law 
of Biogony, to obtain a general view of the main features in 
the development of the separate organs of man, we must, in 
the first place, consider the animal, and then the vegetative 
organ-systems of the body. The first main group of organs, 
the animal organ-systems, is formed by the sensory apparatus, 
together with the motor apparatus, To tho former belong 
the skin-covering, the nervous system, and the organs of the 
senses. ‘The motor apparatus consists of the passive organs 
of movement (the skeleton) and the active organs (the 
muscles), The second main group of organs, the vegetative 
organ-system, is formed by the nutritive and the repro- 
ductive apparatus. To the nutritive apparatus belongs 
expecially tho intestinal canal with all its appendages, 
together with the vascular and renal systema The repro: 








ductive apparatus includes the various sexual organs (the 
gorm-glands, germ-ducts, organs of copulation, etec.). 

In earlier chapters (IX. and X.) it has been stated that 
the animal organ-systems (the instruments of sensation and 
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of movement) proceed especially from the outer primary 
germ-layer, from the ekin-layer. The vegetative organ- 
systems, on the other hand (the instruments of nutrition and 
reproduction), procced principally from the inner primary 
germ-layer, from the intestinal layer, This radical contrast 
between the animal and the vegetative spheres of the body 
ix, it is true, by no means absolute either in man or in the 
higher animals; on the contrary, many separate parts of the 
animal apparatus (e.g, the intestinal nerve, or sympathetic) 
originated from cells which have proceaded from the ento- 
derm ; and, on the other hand, a large part of the vegetative 
apparatus («g., the mouth-eavity, and probably the greater 
part of the urinary and sexual organs) is formed of cells 
which are originally derived from the cxoderm. Moreover, 
in the bodies of all the more highly developed animals, the 
most heterogeneous parts are so intermixed and blended 
that it is often extremely difficult, to assign its true source 
to each one of the constituent parts. But, on the whole, we 
may assume as a certain and important fact, that in Man, 
and in all high animals, the greater part of the animal organs 
must be referred to the skin-layer,or exodorm; the greater 
part of the yogetative organs to the intestinal layer, or 
entoderm. For this reason, Baer called the former the 
animal germ-layer, the latter, the vegetative germ-layer 
(CE voli.pp.58and 196), Ofcourse, in making this important 
assumption, we pre-suppose the correctness of Baer’s view, 
aceording to which the skin-fibrona layer (the “flesh 
stratum” of Baer) must have originated (phylogenetienlly) 
from the exoderm, and, on the other hand, the intestinal- 
fibrous layer (Baor's “ vascular layer") from the entoderm. 
This influential view, which is yot much disputed, is, we 
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Byatematic Survey of the Ongan-Byatems of the Human Body, 
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think, securely founded on the Gastrula—that most impor- 
tant of all the germ-forms of the animal kingdom-—which 
we find recurs in similar form in the germ-history of the 
most different classes of animala This significant germ- 
form points unmistakably to a parent-form (the Gastrwa) 
eommon to all animals, the Protozoa alone excepted; in 
this long extinct parent-form tho entire body of the animal 
consisted throughout life of the two primary gorm-layers, as 
is yet the case, for a short time, in the Gastrula. In the 
Gastrwa the simple akin-layer did actually represent all the 
animal organs and functions, and the simple intestinal layer, 
on the other hand, all the vegetative organs and functions; 
potentially, this is even yet the case in the Gastrula, 

In studying the development of the first important 
part of the animal sphere, the sensory apparatus, or sen- 
sorium, we shall now find how well adapted this Gastrea 
Theory is to explain, not only in a morphological but 
in a physiological sense, the most important facts in the 
history of evolution, This sensory apparatus consists of two 
very distinct parte, having, apparently, nothing in common: 
in the first place, the external skin-covering (Derma), 
together with its appendages, the hair, nails, sweat-glands, 
ete.; and, secondly, the nervous system, situated internally, 
‘The latter includes the central nervous system (brain and 
spinal chord), the peripheric brain-nerves and medullary 
nerves, and finally, the organs of sense. In the fully 
developed vertebrate body these two main constituents of 
the sonsorium are entirely separate; the skin lying entirely 
externally on the body, while the central nervous system 
is within, and quite separate from the former, The two 
are connected merely by a portion of the peripheric nerye- 


_ 
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system and of the sense-organs. And yet, as we already 
know from the germ-history of man, the latter is developed 
from the former, Those organs of our body which discharge 
the highest and most perfect functions of animal life—those 
of sensation, volition, thought—in a word, the organs of 
the psyche, of mental life—arise from the external skin- 
covering. 

This remarkable fact, considered in itself alone, seems so 
wonderful, inexplicable, and paradoxical, that the trath of the 
fact was simply long denied. The most trustworthy embryo- 
logical observations were met with the erroneous statement 
that the central nerve-system develops, not from the outer 
germ-layer, but from a special cell-Jayer lying underneath 
this. The ontogenetic fact would not, however, yield; and, 
now that Phylogeny has thrown light on the subject, the 
fact scoms perfectly natural and necessary. When we 
reflect on the historic evolution of mind and sense activities, 
we must necessarily conceive the cells, which accomplish 
these, as originally situated on the outer surface of the 
animal-body. Such externally placed clomentary ongans 
could alone directly receive and deal with impressions from 
the outer world. Afterwards, under the influence of 
natural selection, the complex cell-masses which had become 
especially “ sensitive” gradually withdrew into the shelter of 
the interior of the body, and there Iaid the first foundations 
of a central nervous organ. As differentiation advanced, 
the distance and distinction between the external skin- 
covering and the central nervous system detached from this, 
became continually greater, and finally the two were per- 
manently connected merely by the conductive peripherie 
nerves, 
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This view is fully eumfirmed by the results of Comparative 
Anatomy. Comparative Anatomy shows that many lower 
animals possess no nervous system, although, in common 
with higher animals, they exercise the functions of sensation, 
yolition,and thought, In the Primitive Animals (Protozoa), 
which do not even form germ-layers, of course the nervous 
system, like tho skin-covering, ia wanting. Evan in the 
second main division of the animal kingdom—in the Metazoa 
or Intestinal Animals—there is at first no nervous system. 
‘The functions of these are performed by the simple cell- 
layer of the exoderm, which the lower Intestinal Animals 
have inherited directly from the Gastraa (Fig, 209,¢). This 
ia the cage in the lowest Plant Animals (Zoophyta), the Gas- 
treads, Sponges, and the lowest Hydroid Polyps, which are 
but little higher than the Gastrwads Just as all the vege- 
tative functions of these are performed by the simple intes- 
tinal Iayer, 30 all the animal functions are discharged by 
the equally simple skin-layer, 'The simple cell stratum of 
the exoderm is, in theso, skin-covering, motive apparatus, 
and nervous system simultaneously. 

Most probably the nervous system was also wanting in a 
largo proportion of those Primitive Worms (Archelminthes) 
which were developed directly from the Gastrmada, Even 
thoao Primitive Worms in which the two primary germ-layers 
liad already split into the four secondary germ-layers (Plate 
Y. Fig. 10), seem not to have possessed a nervous system 
distinct from the skin. The skin-sensory layer must, even in 
these long-extinet Worms, have been at once skin-eovering 
and nerve-system. But already in the Flat Worms (Platel- 
minthes), and especially in tho Gliding Worms (Turbellaria) 
which of all existing forms approach nearest to the Primitive 
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Worms, we find an independent nerve-systerp, distinct and 
separate from the outer skin-covering, This is the “upper 





Fin, 209.—Gastrula of Gastrophysema (Gastrwad-class). 

Fio, 210.—Tranaverse section through an embryonic Eartheworm + hs, 
skinaonsory layer; hm, tkinsfibroas layer; df, intestinalstibrous layer; dd, 
intostinal-glandular layer ; a, intostinal cavity ; ¢, body-oavity, or Caloma 5 
mnerve-ganglias ¥, primitive kidnoys, 

Pia, 21.—A Gliding Worm (Rhabdoctum), From the brain or upper 
throat ganglion (9) norvon (») madinto towards the skin (/), the eyes (an), 
tho organ of smell (na), and the mouth (mn) ) 2, tester) «, ovaries. 
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throat ganglion,” situated above the throat (Fig. 211, 7; Plate 
Y. Fig. 11, m). The complex central nervous system of all 
higher animals has developed from this simple rudiment. 
In the higher Worma, eg., the Earth-worms, according to 
Kowalevsky, the earliest rudiment of the central nervous 
system (Fig 210, ») is a local thickening of the skin- 
sensory layer (ia), which afterwards becomes entirely 
detached from the horn-plate, Even the medullary tubo of 
Vertebrates has the same origin, From the germ-history 
of Man, we already know that this medullary tube, the 
commencement of the central nervous system, originally 
develops from the outer skin-eovering. 

Let us now turn aside from these very interesting 
features in evolution, and examine the development of the 
Jater human skin-covering, with its hairs, sweat-glands, etc. 
Physiologically, this outer covering (derma, or tegumentum) 
plays a double part, ‘The skin, in the first place, forms the 
general protective covering (integumentum commune) which 
covers the whole surface of the body, and protects all other 
parts, As such, it, at the same time, effects « certain ex- 
change of matter botween the body and the surrounding 
atmospheric air (perspiration or skin-broathing), In the 
second place, the skin is the oldest and most primitive 
sense-organ, the organ of touch, which effects the sensation 
of the surrounding temperature and of the pressure or re- 
sistance of bodies with which it comes in contact. 

‘The human skin, like that of all higher animals, consists 
essentially of two distinet parts; of the outer-skin, and of 
the underlying leathor-skin, Tho outer-skin (epidermis) 
consists only of simple cells, and contains no blood-vessels 
(Pig. 212, ad). It develops from the first of the secondary 
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geem-layers from the skin-sensory layer, and, directly, from 
the horn-plate of the latter. The leather-skin (corium), on 
the contrary, consists principally of connective or fibrous 


Fig, 212-2uman skin 
in parpendicalar section. 
(after Ecker), muck ou~ 
Janged : a, horny stratum of 
outorskin (epidermis) ; 6, 
mucous stratum of outer 
skin; 6 papille of tho 
Toathersakin (corium)) dy 
Dlood-vesvols of the latter ; 
©, f, excretory ducts of the 
nwentiglands (y); fy fat 
globules uf tho lonther.skin j 
4, norve, pasaing above into 
1 touchebody. 





tissue, contains numerous blood-veasels and nerves, and has 
a different origin. It develops from the outer stratum of 
the second secondary germ-layer, from the skin-fibrous layer. 
The leather-skin is much thicker than the outer-skin. In 
its deeper part, the “ subculis," lie many masses of fat-cells 
(Fig. 212k). Its upper part, the true “cutis,” or papillary 
layer, forms, over nearly the whole surface of the body, a 
number of snicraseopic cono-shapod warts, or papillie, which 
+ fit into the overlying epidermis (c). These touch-warts, or 
sensory papill, contain the most delicate of all the sensory 
organs of the skin, the “corpurcula tactus.” Other papilla 
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contain meroly the terminal loops of the nutritite blood. 
vessels of the skin (ed). All theso different parts of the 
leather-skin originate, by differentiation, from the cells, origi- 
nally homogeneous, of the leather-plate, the outer lamella 
of theskin-fibrous layer (Fig. 112,hpr, vol. i. p. 352; Plates IV. 
and V., 25 Figs. 65-69, Af, p. 277)2% 

Analogously, all the constituent parts and appendages of 
the outer-skin (epidermis) originate, by differentiation, from 
the homogenoous cells of the horn-plate (Fig. 213), At a 


Fi. 213.—Cella of tho onter-ekin (ephlarmis) of 
a haman embryo of two months. (After Koelliiker,) 


very early period, the simple cell-layer 
of this horn-plate splits into two dis- 
tinet strata. The inner, softer stratum 
(Fig. 212, b) is ealled the mucous layer; 
the outer, harder strutum (q), the hornlayer of the outer~ 
skin. The surface of this horn-layer ix continually worn 
out and thrown off; new cell-strata, produced by the 
growth of the underlying mucous layer, take its place, 
Originally tho outor-siin forms an entirely simple eover 
over the surface of the body. Afterwards, however, sundry 
appendages develop from this both internally and ex- 
temally, The internal appendages are the skin-glands; 
the sweat-glands, the sebaccous glands, etc, The external 
appendages are hair, nails, ete, 

The glands of the skin-covering are ab first merely 
solid plug-shaped growths of the outer-skin (epidermia), 
which penetrate into the underlying leather-skin (cortwm) 
(Pig. 214,), A canal afterwards forms inside these solid 
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plugs (a, ), eithor owing to the softening and 
up of the central cells, or as the result of a fluid int 
secreted, Some of these skin-glands remain unbranched, ax, 
for instance, the sweat-glands (e, f,g). These glands, h 
scrote the sweat, are of great length, their ends forming a 
coil; they never branch, however; and the same is to be 
aid of the glands which scerete the fatty wax of the ears. 











Fra, 214—Rndimonts of toar-glanda 
from a human embryo of four 
(Afler Koelliker) 1. Earliest rudiment the: 
hope of a simple, solid plug. 2and 3. Fur 
ther developed rodiments, which branch 


and become hollow : 0, a solid offshoot y 
6, soll-covering of tho hellow offuheot J, 
rodiment of the Sbroas covering, which 
aftrewards forms tho leather-xkin round 
the glands. 


Most other skin-glands give out 
shoots and branches, aa, for in- 
stance, the tear-glands, situated 
on the upper eyelid, which secrete 
the tears (Fig. 214), and also the 
schaceous glands, which produce the fatty sebaceous matter, 
and generally open into the hair-follicles. The sweat 
and sebaccous glands occur only in Mammals, The tear 
glands, on the contrary, are found in all the three classes of 
Amnion Animals, in Reptiles, Birds, and Mammala They 
are not represented in the lower Vertebrates 

Very remarkable skin-glands, found in all Mammals, 
and in them exclusively, are the milk-glands (glandulee 
mammales, Figs, 215, 216), They supply milk for tho 
nourishment of the new-born Mammal. Notwithstanding 
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their extraordinary size, these important organs are merely 
large sebaceous skin-glands (Plate V. Fig, 16, md). The 
milk is produced by liquefaction of the fatty milk-cells 
within the branched milk-gland pouch (Fig. 215, c), just 
‘as the sebaceous matter of the skin, and tho fatty matter 
of the hair are produced by the breaking up of fatty 
sebaceous cells within the sebaceous skin-glands. The 
excretory passages of the milk-glands enlarge into sac-like 
milk-ducts ()), which again become narrower (a), and open, 
through from sixteen to twenty-four minute apertures, into 
the nipple of the breast. The first rudiment of thie large 
and complex gland is a very simple conical plug in the 





¥10. 215. —Tho breast of tho fomale in vootion « ¢, grape-like glandular 
lobules; }, enlarged milk-ducts; a, narrow axcretory ducts, opening through 
tho breast-nipple. (Aftor H. Meyer.) 

Pio. 216,—Milk-giands of m now.born child y a, original contmal gland ; 
}, smaller, und c, langor bronchoe of tho Inttor, (After Langer.) 

















204 THE EVOLUTION OF MAN, 


outer-skin (epidermis), which extends into the leather-skin 
(corivm), and there branches. In the new-born ehild it 
consists mensly of from twelve to eighteen radiating lobules 
(Fig, 216). ‘These gradually branch, the excretory passages 
decome hollow, and a larg quantity of fatty matter eolleets 
between the lobules. Thus is developed the prominent 
breast of the female (mamma), on the summit of which 
rises tho nipplo (inammilla), adapted for being sueked.t™ 
The nipple docs not appear until after the milk-gland 
is already formed; this ontogenetic phenomenon is very 
interesting, because the more ancient Mammals (the parent= 
forms of the entire class) had no nipples. In them, the milk 
simply emerged through a plane, sieve-like perforated spot. 
in the abdominal skin, as is even now the ease in the lowest 
extant Mammals, the Beaked Animals (Monotremata; p.146). 
On account of this character these animals may be called 
Amasta (without nipple). In many of the lower mammals 
there are numerous milk-glands, situated at various points of 
the ventral side, In the human female there is usually only 
a pair of milk-glands, placed on the point of the breast, as in 
Apes, Bats, Elephants, and some other Marnmals, Occasion 
ally, however, even in the human fomale two pairs of breast 
glands (or even more) appear, lying one behind the other; 
thia must be regarded ag a reversion to an older parent- 
form. Sometimes these glands are well developed even in 
x sucked, though asa rule 








the malo, and are enpable of be 
thoy exist in the male sex only as rudimentary organs with- 
out function. 

Tusb as the skin glands originate as local growths of 
the outer skin in an inward direction, so the appendages 
of the skin, called hair and nails, originate as loca) growths 
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of the outer skin in an outward direetion. The nails (wn- 
gues), which are important protective formations over the 
hind surface of the most sensitive parts of our limbe—the 
tips of the fingers and toes—are horny products of the 
epidermis, common to us with the Apes, In their place, 
the lower Mammals generally possess claws, and the 
Hoofed Animals (Cngulaia) hoof The parent-form of 
Mammals undoubtedly had claws, such ns appear in a 
rudimentary state in the Salamander, The hoofs of the 
Hoofed Animals and the nails of Apes and of Man originated 
from the claws of more ancient Mammals. In the human 
embryo the first rudiment of the nails first appears (between 
the horn-layer and the mucous ayer of this outer skin) 
in the fourth month. Their edges do not, however, project 
until the end of the sixth month. 

‘The most interesting and important appendages of the 
outer skin are the hairs, which, on account of their peculiar 
structure and mode of origin, must be regarded as very 
characteristic of the whole Mammalian clase Hairs, it is 
true, appear widely distributed in many lower animals, eg, 
in Tasects and Worms, But these hairy, like those of planta, 
are thread-like processes of the outer surface, and differ 
from Mammalian hairs in their characteristically finer 
structure and in their mode of development. Henee Oken 
rightly called Mammals “hairy animals.” The hairs of 
Man, as of all other Mammals, consist simply of epidermic 
cells peculiarly difforentinted and arranged. In their first 
state, they appear in the embryo as solid plug-shaped pro- 
cesses of the epidermis which penetrate into the underlying 
Toathor-skin (corium), as do the sebaccous and the sweat 
glands, As in the latter, the simple plug consists originally 
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of the ordinary epidermic cells. Within this a firmer 
central cellular mass of conical shape soon forms. This 
increases considerably in length, detaches itself from the 
surrounding cellular mass, the “root-sheath,” and finally 
makes its way to the outside, appearing above the outer 
surface a8 a hair-stem. The deepest part, buried in the 
skin, the hair follicle, is the root of tho hair, and is sur- 
rounded by the root-sheath. In the human embryo the 
first hairs make their appoarance at the end of the fifth 
or in the beginning of the sixth month, 

During the last three or four months before birth the 
human embryo is usually covered by a thick coating of deli- 
cate woolly hairs. ‘This embryonic wool-covering (lanuyo) 
is often lost during the lust weeks of embryonic life, and, 
at any rate, soon after birth, when it is replaced by the 
thinner permanent hair-covering, ‘These later permanent 
hairs. grow out of hair follicles which are developed from 
the root-sheaths of the deciduous woolly hair. In the 
human embryo, the embryonic woolly hair usually covers 
tho entire body, with the exception of the palms of the 
hands and the soles of the feet, These parts remain bare, 
just as in all Apes and most other Mammals. Not un- 
frequently the woolly coat of the embryo differs considerably 
in colour from the Inter permanent hairy covering. Thug 
for instance, it sometimes happens in our own Indo-Ger- 
manic race that fair-haired parents are shocked to find 
their children, at their first appearance, covered by a dark 
brown, or even black, woolly covering, It is only after this 
has been shed, that the permanent fair hair, which the 
child inherits from its parents, makes its appearance, 
Occasionally the dark hair is retained for several weeks, 
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or even montha, after birth, This remarkable woolly 
covering can only be explained as an inheritance from our 
primordial long-haired ancestors, the Apos. 

It is equally worthy of uote that many of the higher 
Apes resemble Man in the thin coat of hair which covers 
certain parts of their body, In most Apes, especially in 
the higher Catarhines, the face is nearly or even quite bare, 
or is covered with hairs as thin and as short as those of 
Man. In these Apes also, just.as in Man, the hair on the 
back of the head is usually distinguished by its length, 
and the males often have much beard and whisker. (Cf. 
Fig. 202, p. 175). In both cases this masculine adornment 
has been acquired in consequence of sexual selection, 
In vome Apes the breast and the inner sides of the joints 
are very thinly covered with hair—far less abundantly than 
is the back and the outer sides of the joints. On the other 
hand, we not unfrequently sce the shoulders, the back, and 
the outer sides of the limbs thickly covered with hair in 
men of Indo-Germanie or Semitic race. Ib is a well-known 
fact that in some families abundant hair on the body is 
hereditary, 13 is tho relative vigonr and character of the 
hair-growth of the beard and head. These great differences 
in the total and partial hairiness of the body, which appear 
very striking not only when we compare different races of 
man, but even when we compare many families belonging 
to the same race, are very simply explaincd by the fact 
that the entire hairy covering of Man is a rudimentary 
organ, an unused inheritance, which has been transmitted 
from the more hirsute Apes, In this matter, Man resembles 
the Elephant, Rhinoceras, Hippopotamus, Whale, and othor 
Mammals of various orders which have also entirely or 
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partially lost thoir original cont of hair in consequence of 
adaptation)® 

‘The form of Adaptation which has degraded the growth 
of hair on most parts of the human body, whilo preserving 
it, ov oven greatly developing it, on certain parts, was, in all 
probability, sexual selection, As Darwin has very clearly 
shown in his work on “The Descent of Man,” sexual selee- 
tion has had especially great influence in this respect. In 
consequence of the male Anthropoid Apes, in selecting 
partner, preferring those females which were least. hairy, 
and in consequence of the fomales preferring those suitors 
which wore distinguishod by peculiarly fino beard or head- 
hair, the general hireuteness of the body was gradually 
degraded, while the beard and the hair of the head were 
advanced to a higher degree of perfection, Climatic con- 
ditions, and other circumstances unknown to us, may, 
however, also have promoted the loss of the hairy cout. 

In proof of the assertion that the hniry covering of 
Man is directly inherited from the Anthropoid Apes, we 
find, according to Darwin, a curious evidence in the diroe- 
tion, otherwise inexplicable, in which the rudimentary 
hairs lie on our arms, Both on the upper and on the 





lower arm the hairs are directed towards the elbow, where 
they meet at an obtuse angle, Except in Man, this striking 
arrangement occurs only in the Anthropoid Apes, the Gorilla, 
Chimpanzee, Orang, and several species of Gibbona Tn 
other Gibbons the hairs of both the lower and the upper arm 
aro direeted towards the hand, as in other Mammals This 
remarkable peculiarity af Anthropoids and of Man can 
only be explained on the assumption that our common apo- 
like ancestors were accustomed, as they are even now, 
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during rain, to bring their hands together over their heads, 
or over a branch overhanging their heads, The reverse 
direction of the hairs, when the arms were in this position 
eansed the rain to run off. Thus, even yet, the direetion 
‘of the hairs on our lower arm testifies to this advantageous 
habit of our Ape-ancestors, 

If the skin and its appendages are minutely examined, 
Comparative Anatomy and Ontogeny supply many similar 
important “records of creation," showing that they are 
divectly inhorited from the skin-covering of the Ape. Wo 
obtained our skin and hair by inheritance, immediately 
from Anthropoid Apes, these from the lower Apes, which, 
im turn, inherited the same parts from lower Mammals, 
This is also true of the other great organ-system which 
is developed from the skin-sensory Inyer—of the nervous 
systom and the sensory organs. This very highly developed 
organ system, which performs the highest vital fanetions— 
those of the mind—we havo inherited immediately from 
the Apes, and mediately from Mammals of a lower order. 

Tho human nervous system, like that of all other 
Mammals, is, in its developed condition, a very complex 
apparatus, the anatomical arrangement and the physiological 
activity of which may, in general terms, be compared to a 
telegraph system. The central marrow (medulla), or cen- 
tral nervous system, represents the principal station, the in- 
numerable “ganglion eells” (Fig. 7, vol.i. p. 129) of which are 
connected with each other and with numerous very delicate 
eonducting lines by their branched processes. The latter 
are the peripheric" nerve fibres,” distributed over the whole 
surface of the body; these, together with their terminal 
apparatus, the scnse-organs, cte., constitute the “conductive 
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marrow,” the peripheric nerve-system, Some, a8 sensory 
nerye-fibres, convey the sensations of the akin and of other 
sense-organs to the central medalla; others, as motor nerve 
fibres, transmit the impulses from the central marrow to the 
muscles, 


Yio, 217—Haoman embrso 
of throe months, in nataral 
alae, seca frum the dorsal xidoy 
the brain and dorsal suxrrow 
exposed (after Koolliker) + hy 
hemisphoros of the cercbram 
(fore-brain) 5m, four.bulba”” 





(hind.brain, or —cerebeldum). 
Below the Intter ie the 
threo-cornored “neck-medulla” 
Caftor-brain), 

Pro, 218—Central marrow 
of a heman embryo of four 
months, in natoral site, seen 
from tho dorel «ide (nftor 
Koolliker): A, large homie 
spheres) v “four-balbs;" c 
small brain; mo, nock-medulla, 
Blow thia the dorsal medatin 
marrow). 





‘The central neryous system, or central marrow (medulla 
centralis), is the actual organ of mental activities, in the 
stricter sense. Whatever view ix taken of the intimate 
connection between this organ and its functions, it is, at 
least, certain that those of its special activities which we 
call sensation, volition, and thought, are in man, as in all 
tho higher animals, inseparably connected with the normal 
development of this material organ. Hence we must neces- 
sarily take a deep interest in the history of the development 
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of this organ. As it alone can give us the most important 
information as to the nature of our “mind,” it eommands 
our most earnest attention, For if the central marrow 
develops in the human embryo exactly as in the embryos 
of all other Mammals, then the development of the human 
mental organ from the same central organ of other Mammals 
and, more remotely, from that of lower Vertebrates, cannot 
be questioned. It is, therefore, impossible to dispute the 
enormous significance of these phenomena of development. 
In order to appreciate these rightly, a few words must 
first be snid as to the general form and anatomical construc- 
tion of tha developed central marrow in Man. Like the 
central nervous system of all other Skulled Animals (Cra- 
niota), it consists of two distinct parts: firstly, of the brain 
or the medulla of the head (encephalon, or medulla ca- 
pitis), and, secondly, of the spinal marrow (medulla spi- 
natis). The former is enclosed in the bony skull, or “brain 
ease,” the latter in the bony vertebral canal, which is com- 
posed of a consecutive series of vertebre, shaped like signet 
rings, (Cf Plate V. Fig, 16, m.) From the brain proceed 
twolvo pairs of hod nerves, from the spinal marrow thirty- 
‘one pairs of medullary or spinal nerves for the remainder 
of the body. The spinal marrow, when examined merely 
anatomically, appears as a cylindrical cord with a spindle- 
shaped swelling in the region of the neck (at the last of the 
neck-vertebre) and another in the lumbar region (at the 
first lumbar vertebra, Figs. 217, 218). At the swelling at 
the thront the large nerves of the upper limbs pass off from 
the spinal marrow, and those of the lower limbs from the 
swelling in the Iumbar region, ‘The upper end of the spinal 
marrow passes through the neck-marrow (medulla oblon- 
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gata) into the brain, The spinal marrow appears indeed to 
be a dense mass of nervous substance; but along its axis: 
passes a very narrow canal, which is continued in froot 
into the larger cavities of the brain, and which, like those 
cavities, is filled with a clear fluid. 

The brain forms a considerable masa of nervous sab- 


Fi, 219.—Heman br 
men tron, ao None aaa 


(After Be (in 
front) ia the Inrge brain 
(cerebrum), with: 


‘Uranched furrows; below (be 
hind) in the small brain (care 
bellum), with narrow paraitel 
furrows, ‘The Homan susibent 
indicate the roots of the twelve 
pairs of broin nerves im order 
from front to back. + 





the greater part of the skull-cavity; it is roughly distin- 
guishable into two main parts—the large and small brain 


(cerebrum and cerebellum). 










us callosum), A deop 
separates the large brain (cerebrum) from the 
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| (cerebellum). ‘Tho latter is situated more posteriorly and 
inferiorly, and shows on its outer surface equally numerous 
furrows, which are, however, much finer and more regular, 





Pio. 220.—Taman brain, seen from the left side. (After T. Meyer,) The 

| farrows of the large brain aro indicated by largo, thick Unos, thoes of the 

‘smnitbenin by finer ines, Below tho lattor the nock.marrow ia visible. ff, 

frontal couvolations; Oa « Ce. p, central convolutiona; R, Gasure of Rolan- 

dor) & Bylvinn flssuroy 7; temporal or parallel fissures Pu, parietal lobo; An, 

the aunectant courolutions; PO, parieto.occipital fimure ; Sus sajreamnarsinal 
convolution; £2, intre-parictal fkaure; f, temporo-sphenoidal convolution, 


‘and between thom are curved ridges (Fig. 219, lower part), 
‘The small brain is also divided into two lateral halves by a 
~ Tongitudinal furrow; those are the “small hemispheres,” 
which are connected at the top by a worm-like croxs-piece, 
“the “ brain-worm” (vermis), and at the bottom hy a bridge 
(pons varolii; Fig. 219, VI). 
~ Comparative Anatomy and Ontogeny show, however, that 
in Man, as in all other Skulled Animals, the brain originally 
‘consists mot of two but of five distinct parta lying one 
behind another. These originally appear in the embryo of all 
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Skulled Animals (Craniota), from the Cyclostomi and Fishes 
np to Man, in exactly the same form, as five bladders 
placed one behind the other. Alike in their first radiments, 
they, however, differ in their farther development. Tn Man 
and all highor Mammals the first of these five bladders, the 
fore-brain, develops so excessively that, whon mature, it 
forms, both in size and weight, by far the greater part of the 
whole brain. To it belong, not only the grout hemispheres, 
but also the bridge (corpus calloewm), which connects these 
two, the olfactory lobes, from which proceed the nerves of 
smell, and most of the processes lying on the roof and floor 
of the groab Interal cavities of the two hemispheres; such, 
for instance, as the Inrge streaked bodies (corpora striata), 
On the other hand, the “centres of sight," which lie be- 
tween the streaked bodies, belong to the second main part, 
which develops from the twixt-brain ; and to the same part 
belong the third brain ventricle (which is single) and the 
processes known as the “funnel” (infundibulum), the 
gray mass, and the “cone” (coneriwm). Behind these, and 
between the lange brain and the small brain, wo find a little 
mass, composed of two pairs of bosses, and called the “four 
bulbs,” on account of two superficial furrows which eross 











each other at right angles, thus quartering the whole mas» 
(Bigs. 217, m, 218, v). Though these “four bulbs” are very 
insignificant in Man and the higher Mammalia, they 
constitute a distinet part of tho brain, the third, or mid- 
brain, which is, on the contrary, especially well developed 
in the lower Vertebrates. The next or fourth part of the 
brain is the hind-brain, or small brain (cerebellum), in the 









strict sense of the term, with its single middle process, 
the “worm” (vermis), and its Lwo lateral parts, the “small 











PARTS OF THE BRAIN. ais 


homisphores” (Figs. 217, 0,218, e). Behind this comes, finally, 
j ‘the fifth and last part, the “neck-marrow " (medulla. oblon- 

gate, Fig. 218, mo), which includes the single fourth brain 
ventricle and the adjoining processes (pyramids, olives, and 
restiform bodies). The neck medulla passes directly down 
into the spinal marrow, ‘The narrow central canal of the 
spinal marrow extends into the wider “fourth ventricle” of 
tho neck medulla, which is rhomboidal in shape, and the 
floor of which forms the “rhomboid groove." From this 
proceeds a narrow duct, called the “aqueduct of Sylvius," 
whieh leads through the “four-bulbs” into the third ven- 
tricle, situated between the two “centres of sight;” and 
this cavity in turn is connected with the pair of lateral 
‘cavities which lio right and Joft in tho largo hemispheres, 
All the cavities of the central marrow aro, therefore, directly 
connected together, Individually all theae parts of the brain 
which we have enumerated have an infinitely complex, 
minute structure, which we cannot now study, and which 
hardly bears on our subject. This wonderful brain-struc~ 
ture, as it occurs only in Man and the higher Vertebrates, is 
‘of the highest importance, simply because, in all Skulled 
Animals (Craniota), it develops from the same simple rudi- 
‘ments, from tho five brain-bladders alrendy enumerated. 
(Cf Plates VI. and VIL) 

Before we direct our attention to the individual develop: 
ment of the complex brain from this series of simple 
bladders, we will, in order to understand the matter more 
clearly, glance for a moment at those lower animals which 
have no such brain. Even in the skull-less Vertebrates, in 
the Amphioxus, there is no real brain. In this case the 
whole central marrow is merely a simple cylindrical cord 


Mi al 





















216 THE EVOLUTION OF MAN. 


traversing the body longitudinally, and 
almost as simply as at the other end: it ix a 
lary tube (Plate XI Fig. 15, m). We found, r 
the rudiment of the samo simple medullary tube | 
‘the ascidian larva (Plate X. Fig. 5, m) and in the 
racteristic position, above the notochord. oreo 
closely examined a small bladder 
at the fore end of the medullary tube in theee two 
allied animals ; this is the first indication of a sep 
the medullary tube into brain (m,) and spinal marrow | 
When, however, we consider the undeniable re n 
the Ascidia to the rest of the Worms, it is evident # the 
simple central marrow of the former exactly answers to thy 
simple nerve-ganglion which, in the lower Worms lies 
the throat (pharynx), and which has, therefore, long: 
called the “upper throat ganglion ” (ganglion pharyny 
superius). In the Gliding Worms (Turbellaria) the 
nerve system consists merely of this simple ganglion, whi 
situated on the dorsal side of the body, and from which ney 
threads radiate to the different parts of the body (Fig 221, 
This upper throat ganglion of the lower Worms is evid 
the rudiment from which the more complex central may 
of the higher animals has developed. An clongation of 
upper throat ganglion along the domal sido gave rise | 
the medullary tube, which is characteristic of Verteb 
and the young forms of Ascidia alone. On the other h 
in all other animals, the central nerve system has 
veloped in a very different manner from the upper th 
ganglion; in Articulated Animals (Arthropoda) espeek 
the Istter has developed into a throat (pharyngeal) i 
with s ventral marrow ; this is the case, algo, in the artion- | 
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lated Ringed Worms (Annelida) and the Star-animals (Zehi- 
noderma), which originated from Arthropods, The Soft- 
bodied Animals (Mollusea) also have a throat ring, which is 
quite unrepresented in Vertebrates. Only in Vertebrates 
the central marrow developed along the dorsal side, while 
in all other animals which have been named it developed 
along the ventral side of the body!” 

Descending below the Worms we find very many 
animals whieh are entirely without a nerve-aystem, and in 
which the functions of that system are performed simply by 
the outer skin-covering—by the colls of tho skin-layor, or 
exoderm. This is the case in many low Plant Animals 
(Zoophyta), for instance, in all Sponges, and in the common 
fresh-water Polyp, the Hydra. It was also undoubtedly the 
case in all extinct Gastraads, In all Primitive Animals 
(Protozoa) the nerve-system is, of course, unrepresented, for 
these have not as yet attained to the development of germ- 
layors. 

Tn considering tho individual development of the nerve- 
system in the human embryo, we must first of all start from 
the important fact already mentioned, that the first rudi- 
ment of the system is the simple medullary tube, which 
detaches itself from the outer germ-layer along the middle 
line of the lyre-shaped primitive germ. We found (igs. 
85-87, vol. i. p. 208) that the rectilinenl primitive groove, or 
dorsal furrow, first: arises in the centre of the lyre-shaped 
germ-dise. On each side of this rise the two parallel dorsal 
or medullary swellings. ‘Tho free margins of these bend to- 
swands each other, coalesce, and form the clased medullary tube 
(Figs 88-03, vol. i pp.300-309), At first this tube lies directly 
under the horn-plate; it is, however, afterwards situate 
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ies. 221-228, Lyreshaped (or sole-shaped) germ-shield of « Chicky fax 
three consecative stages of ovolation, reea from the dorsal surfaces about 
twenty times enlarged. Pig. 221, with six pairs of primitive vertebaws 
The brain a ximple bladder (hb). The medallary furrow is wide open from 
the point *, vory wide at *. mp, Marrow (or modallary) plates; sp, side. 
plates; y, boundary betwoen tho throst cavity (eh) and the head.interting 
(od) Pig. 289, with ten pairs of primitive vertebra, ‘The brain consists of 
three bladders m, mid-benin yh, hind-brain. Heart; diy 
yolk.woins. ‘Tho medullary furrow ts wide open behiad (:). wp, Marrow. 
plates. Fig, 229, with sisteon peire of primitive veriebre. Tho breia: 
consists of five bladders: v, fore-brain; s, twixt-brainy m, mid-braing Ay 
hind-brain ; », after-benin. a, Bye-vesicles; 9, enr-vesicles; 6, heart; de, 
yolk-voins; mp, marrow-plate. sw, primitive vertebra. 
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quite internally, the upper edges of the primitive vertebral 
plates, which penetrate, from right and left, in between the 
horn-plate and the medullary tube, uniting above the Inter, 
and thus completely embedding it in a closed ennal, As 
Gegenbaur most aptly remarks, “This gradual embedding 
in the interior of the body must be regarded as an incident 
aequired in connection with progressive differentiation, and 
with the consequent higher capacity, by which the most 
important organ of the system is secured in its mterior.” 

To every thoughtful and unprejudiced man it must 
appear an extremely important and pregnant fact, that our 
mental organ, like that of all other Skulled Animals (Cra- 
niote), commences in the same way and in exactly the same 
simple form in which this organ remains for life in the 
lowest Vertebrate, the Amphioxus (vol ip. 420, Fig. 151; 
Plate XLFig, 15,m). In the Cyclostomi, that is,in the stago 
above the Acrania, the anterior extremity of tho cylindrical 
medullary tube begins to extend, at an early period, in the 
form of a pear-shaped bladder, which is the first distinct 
rudiment of a brain (Plate XI. Fig. 16,m,). For the central 
medulla of Vertebrates thus first distinctly differentiates 
into its two main sections, the brain (m,) and the spinal 
marrow (m,). The first faint indication of this important 
differentiation is discoverable in the Amphioxus, perhaps 
even in the Ascidian larva (Plate X. Fig. 5). 

The simple bladdertike form of the brain, which is 
retained for a considerable time in the Qyelostomi, also 
appears at first in all higher Vertebrates (Fig, 221, kd), In 
the latter, however, it soon disappears, in consequence of 
the separation of the simple brain-bladder, by transverse 
contractions of its circumference, into several consecutive 
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parts. Two of these contractions first appear, an 
sequently the brain forms three consecutive bladd 


Weft ido, Pig. 224, the Urain from above: v, forecbralm y sy 
# vifd-brain; A, hind-brain; m, aftar-brain. 


222, ¢,m,h), Tho first and third of these three 
bladders then again separate by transverse cont 
each into two parts, and thus five consecutive bladder-tiks 
divisions are formed (Fig. 223: ef. also Plate V, Figs 
13-16; Plates VI. and VIL, second cross-line) ‘Thesa fi 
fundamental brain-bladders, which re-oeeur in the same form: 
in the embryos of all the Skulled Animals (Craniota), were 
first clearly recognized by Baer, who understood their tua 
importance and distinguished them, according to their rela- — 
tive positions, by very appropriate nunes, which are still in 
general uso: IL, fore-brain (x); IL, twixt-brain (2); TNL, amide 
brain (m); TV., hind-brain (k); and V,, after-brain (su | 
In all Skulled Animals, from the Cyclostomi to Mam, 
the same parts, although in very various forms, develop | 
from these five original brain-bladders, ‘The first bladder, — 
the fore-brain (protopeyche, v), forms by far the largest part 
of the so-called “great brain” (cerebrum); it forms the two 
great hemispheres, the olfactory lobes, the streaked bodies 
(corpora striata), and the cros-picco {corpus call 
together with the “arch” (jorniz) From the second 
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bladder, the twixt-brain (deutopsyche, 3) proceed primarily 
‘the “centres of sight” and the other parts which surround 
the so-called “third brain-ventricle,” also the “funnel” 
(infundibulum), the “cone” (conarium), ete. The third 
bladder, the mid-brain (mosopeyche, m), furnishes the small 
group of the “four bulbs,” together with the “aqueduct of 
Sylviva” From the fourth bladder, the hind-brain (meta- 
psyche, h), the greater part of the so-called “little brain” 
(cerebellum) develops; the central “worm” (vermis), and 
the two lateral “sinall hemispheres." The fifth bladder, 
finally, the after-brain (epipsyche, n), forms the neck- 
‘marrow, or tho “elongated marrow” (medulla oblongata), 
together with the rhomboid groove, the pyramids, olives, ote. 
The very highest importance must cortainly be ascribed 

to the fact, scen in Comparative Anatomy and Ontogeny, 
‘that the brain is originally formed in exactly the same way 
‘in the embryos of all Skulled Animals (Craniota), from the 
lowest Cyclostomi and Fishes, to Apes and Man. In all, 
‘the first rudiment of the brain is a simple bladder-like 
expansion at the anterior extremity of the medullary tube 
‘mall, the five bladdors are formed from this simple bladder- 
Tike oxpansion, and in all, these five primitive brain- 
bladders develop into the pormanent brain, with its many 
‘complex anatomical arrangements, which afterwards appear 
in such extremely diverse forms in the various vertebrate 
On comparing the mature brain of a Fish, an 
Amphibian, a Reptile, a Bird, and a Mammal, it is hardly 
conceivable that the several parts of these forms, so ex- 
tremely different, both internally and externally, may be 
traced buck to one common condition. And yet, all these 
various brains of Craniota have originated from exactly the 
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same radimentary form. We need only compare the em- 


bryos of these various classes of animals at corresponding 
stages of dovelopment, in order to assure ourselves of this 


fundamental fact. (Cf, Plates VI. and VIL, second eross- 
line.) 
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Fie, 227,—Brains of three embryonic Skolled Animals In vertical longle 
tuclionl section A, of w Shark (Heptanchus); B, of a Snake (Coluber); Caf 
& Gost (Cupra) ; 9, fore-brain ; b, Owixt-brain ; ¢, mid.bmin; d, hindbrain 
¢, after:brainy #, primitive fissuro of tho brain. (Aftor Gegenbaor,) 

) 228.-Brain of « Shark (Seylhiwm) from the dorewl aid 
brai h, olfactory bulbs of tho fore bi 
nurvee to the Ja 














) fore- 
which send the lage olfactory 
pure capsulex (0); d, twixtebrain; b, mid-brain (behind 
it, tho insignificant rudiment of the hind-brain); a, sftorsbrain. (After 
Busoh.) 

Fia. 229.—Prain and dorml marrow of a Frog: A, from tho dorsal wide s 
B, from the yeutral aide; a, olfactory bulbs, in front of the fore-brain (B)y 
f, foonel at the base of the twixttrain; ¢, midbrain; d, hindbrain; 
rhomboid groove in the aftor.brain; m, dorsal marrow (vory short in the 
frog); m', rvot-procesmos of the spinal norvosy #, fibre at the end of the 
dorsal marrow, (After Gegenbaus,) 
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A thorough comparison of the corresponding stages of 
development in the brain in the various Skulled Animabs 
(Craniota) is very instructive. If it is applied to the whole 
series of skulled classes, the following extremely interest~ 
ing facts soon become evident: in the Cyclostomi (Myzi- 
noides and Petromyzontes), which, as we have seen, are 
the lowest and earliest Skulled Animals, the whole brain 
remains for life at a very low and primitive stago of 
development, through which the embryos of the other 
Skulled Animals pass very rapidly; the five original 
sections of the brain are visible throughout life in an almost 
unmodified form. But even in Fishes, an essential and 
important transformation of the five bladders takes place ; 
it is evidently from the brain of the Primitive Fishes 
(Selachii ; Fig. 228), that, on the one side, the brain of the 
other Fishes, and on the other, the brain of the Amphil 








and also of the higher Vertebrates, must be traced. In 
Fishes and Amphibians (Fig. 229), the central part, the 
mid-brain, and also the fifth section, the after-brain, arc 
especially developed, while the first, second, and fourth 
sections remain far behind. In the higher Vertebrates, the 
exact reverse is the case, ¢ first and fourth 
sections, the fore and hind brains, develop pre-eminently ; on 
the other hand, the mid-brain remains very small, and the 





r in these # 


after-brain is also much smaller. The groater part of the 
“four-bulbs” is covered by the large brain (eavbrum) and 
the nfter-brain by the small brain (cerebellum), Even 
rates themselves, numerous grada- 





tions occur in the structure of the brain. From the Am- 

phibians upward, the brain, and with it the mental Tife, 

develops in two different directions, of which the one is 
a3 
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carried out in Reptiles and Birds, the other in Mammals, 
‘Tho latter are especially distinguished by the very eharne- 
teristic development of the first section, the fore-brain. In 





Fro. 280,—Brain of Rabbit: A, from the dorsal wide; D, from tho 
ventral side ; to, olfactory lobules; I, fore-brain ; 1, bypophysia nt the bawo 
of the twixt-benin; IIL, mid-be ; TV., hind-beain; V., after-brwing 2, optic 
nerve; 3, motor norve of the 5-4, fifth to cighth norves of the brain, 
Jn 4, tho upper xurfaco of tho right large homisphere (I.) is removed, so 
that tho streaked bodies (corpors striata) can bo scen in ite aide chamber 
(ventriculus lateralis), (After Gogenbaur.) 









Mammals alone (Fig 230) does this “great brain” develop 
to snch an extent, that it eventually covers all the other 
parts of the brain from abo’ 

There are also remarkable differences in the relative 
positions of the brain-bladders, In the lower Skulled 
Animals the five brain-bladders are at first situated one 
behind the other in tho same plano, If the brain is re- 





garded from the side, a straight line may be drawn through 
all the five bladders, But in the three higher vertebrate 
classes, in the Amnion Animals (Amniota), a noticeable 
curving of the rudimentary brain takes place, simultaneously 
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with the head and neck curving of the whole body, owing 
to the fact that the whole upper dorsal surface of the brain 
grows much faster than the lower ventral surface. Tho 
result is that the brain is so curved that its parts are after- 
wards situated thus: the fore-brain lies quite in front and 
below, the twixt-brain somewhat higher and over it, while 
the mid-brain lies highest of all and projects furthest fdr- 
ward; the hind-brain is situated lower, the after-brain yet 
further back and below. This disposition occurs only in 
the three classes of the Amniota, in Reptiles, Birds, and 
Mammals, (Cf Plates 1, VI, and VIL) 

‘Though, in general features of growth, the brains of 
Mammals correspond with those of Birds and Reptiles, yet 
striking differences very soon appear betwoon the two. 
In Birds and Reptiles (Plate VI. Figs. Hand C), the 
brain (m) and the central part of the hind-brain develop 
considerably. In Mammals, on the other hand, these parts 
remain small, and instead, the fore-brain begins to grow 
0 rapidly that it covers the other bladders from in front 
and above. As it constantly grows further back, it even- 
tually covers the whole of the rest of the brain above, 
and also encloses the central part from the sides, This 
process is of the greatest importance, because this fore-brain 
is the organ of the higher mental activities,—Dbeeause in it 
are accomplished those functions of the nerve-cells, the am 
of which is generally designated as the mind, or the "spi 
in the narrower senae. The highest activities of the animal 











body, the wonderful manifestations of consciousness, the 
complex phenomena of the activities of thought, have their 
seat in the fore-brain. It ix posible to remove the great 
hemispheres of a Mammal, piece by piece, without killing 
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the animal, thus proving that the higher mental aetivities, 
consciousness and thought, conscious volition and sensation, 
may be destroyed one by one, and finally entirely anni- 
hilated. If the animal thus treated is artificially fed, it 
may be kept alive for a long time; for the nourishment of 
the entin body, digestion, respiration, the circulation of the 
blbod, secretion, in short, the vegetative functions, are in 
no way destroyed by this destruction of the most important 
mental organs. Conscious sensation and voluntary motion, 
the capacity for thought and the combination of the various 
higher mental activities, have alone been lost. 

This fore-brain, the source of all these most wonderfal 
nervous activities, reaches that high degree of perfection only 
in the higher Placental Animals (Placentalia) ; a fact which 
explains very clearly why the higher Mammals so far exeel 
the lower in intellectual capacity. While the “mind” of the 
lower Placental Animals does not excood that of Birds and 
Reptiles, we find among the higher Placentalia an uninter- 
rupted gradation up to Apes and Man. Accordingly, their 
anterior brains show surprising differences in the degree of 
perfection. In the lower Mammals, the surface of the great 
hemispheres (the most important part) is entirely smooth 
and even. The fore-brain, too, remains so small that it 
does not even cover the mid-brain above (Fig. 230). One 
stage higher, and thix latter is indeed entirely covered by 








the excessive growth of the fore-brain; but the hind-brain 
remains free and uncovered. At last, in Apes and in Man, 
the fore-brain covers the hind-brain also. A similar gradual 
advanco may also bo traced in the development of the 
peculiar furrows and protuberances which are so charae- 
teristically prominent on the surface of the large brain 
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(cerebrum) of higher Mammals (Figs. 219, 220), If the 
brains of the various mammalian groups are compared with 
reference to these convolutions and furrows, it appears that 
their gradual development is entirely proportionate with 
the development of the higher intellectual activities. Much 
attention has recently been devoted to this particular 
branch of the Anatomy of the brain, and very striking 
individual differences have been found even within the 
human race. In all human individuals distinguished by 
peculiar ability and great intellect, these swellings and 
furrows on tho surface of the great hemispheres exhibit a 
much greater development than in common average men; 
while in the latter, again, they are more developed than in 
Cretins and others of unusually feeble intellect. There are 
also similar gradations in the internal structure of the fore- 
brain in Mammals The great cross-piece (corpus calloswm), 
especially, the bridge between the two great hemispheres, 
is developed only in Placental Animals, Other arrange- 
ments, for example, in the structure of the lateral cavities, 
which seem primarily to be peculiar to Men as such, re- 
appear only in the higher species of Apes. It was long 
believed that Man had some entirely peculiar organs in the 
great brain (cerebrum), which are- wanting in all other animals, 
Bat close comparison has shown that this is not the case, 
but that rather the characteristic qualities of the human 
brain exist in a rodimentary state even in the lower Apos, 
and aro dovoloped to a groater or less degroe in the higher 
Apes. Huxley, in his important and much-quoted book, 
“ Evidence as to Man’s Place in Nature” (1563), has shown, 
most convincingly, that within the Ape-series the differences 
in the formation of the brain are greater between the 
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higher and lower Apes than betwoen the higher Apes and 
Man. This statement is, indeed, equally true of all the 
othor parts of the body. But the fact that it is true of the 
central marrow is especially important. ‘This does mot 
become fully evident unloss these morphological facts are 
considered in connection with the corresponding physio- 
logical phenomena; until we consider that every mental 
activity requires for its complete and normal exercise the 
complete and normal condition of the corresponding brain- 
structure, ‘The extremely complex and perfect active 
phenomena within the nerve-cells, summed up in the word 
“mental life,” can no more exist without their organs in 
the vertebrates, including man, than can the circulation of 
the blood without a heart or blood. As, however, the 
central marrow of Man has developed from the same 
medullary tube as in all other Vertebrates, so also must the 
mental life of Man have had the same origin. 

All this is of course true of the conductive marrow, or 
nervous system.” ‘This consists 








the so-called “ peripher 
of the sensitive nervous fibres which convey the impressions 
of sensation from the skin and the organs of the sensee in 
4 centripetal direction to the central marrow; as well as 
of the motor nervous fibres, which, reversely, convey the 
movements of volition from the central marrow, in a cen 
trifugal direction to the muscles, By far the greater part 
of these peripheric conductive nerves originates from the 
skin-fibrous layer, by peculiar local differentiation of the 


rows of cells into the respective organs 





The membranous coverings and blood-vessels of the 
central marrow are identical in origin with the greater part 
of the conductive marrow; these membranous coverings 
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are the inner membrane (pia mater), the central membrane 
(menine avachnoides), and the outer membrane (dura 
mater), All these parts are developed from the skin-fibrous 


layer. 


TABLE XXVII. 


Srsremaric Sunvex oF Tux Most iavoKrant Pexious WN cae PayLovesy 
oY THE HUNAN SRIN-COVELINGS. 


I. First Period: Skin of Gastraads, 


‘The entire tkin.covering (including the nervous xystom, not yot differ. 
‘entiated from it) conaiste of ono simple layer of ciliatod eclls (oxoderm, or 
pelmary akio-loyer); as it is at the present day in the gnstrula of the 
Amphioxus, 


TL, Second Period : Skin of Pri 


‘The simple exodera of the Gastrwat haa Uickesod and splil into two 
‘Aistinot layers, or secondary germ-layara: the skinsensory inyer (mdiment, 
‘of the horn.plato and nerve-systm) and tho skin.fibrous layer (eadiment of 
‘the leathor skin (corivm), tho musole-plate ond the skcleton-plate. Tho 
‘skin is potentially both covering and mind. 





ioe Worms, 


IL Think Period : Skin of Chontonia. 


‘he skin.tonsory Inyor has differontinted into the horn.plate (epidermis), 
nd the central marrow (upper throat ganglin) separated from it; thi Iattor 
elongates into o modullary tubo, Tho skin-fibrous laycr has differentiated 
nto tho leather plate (corivm) and, below this, the akiu-muacular pouch {ws 
in all Worms). 


IV. Fourth Periods Shin of Acrania. 


‘Tho horn-plate yot forin# a simple vpidertis, ‘Tho leatherrplate is fully 
@ifferentiated from the muscle and skeleton plates. 


he 
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'V. FYth Period : Skin of Cyclostoma, 
‘The ontor-skin remains © simple, soft mucous layer of cells, but forms 
‘one-celled glands (cap-cclls). The loathe (coriem) differentiates Into 
cutis and sub-cutis, 








‘VE. Sixth Period : Skin of Primitive Pishes, 


‘Tho ontor wkin i still simple, ‘Tho Jonthor skin forms placoid aealos or 
emnll bony tablots, as in the Selachii. 
VIL. Seeenth Period: Shin of Amphibia. 


n differentiates into an outer horn-layer, and an inner 
‘ho ends of tho toes are corerud with horny sheaths (firwt 


‘Tho outer si 
maoous layer. 
rudiments of clnwa or nnild) 





VIEL. Bighth Period r Skin of Marnmale. 





‘Tho outer #kin forme the appendagen character 
hair, aud sebaceous, sweat, and milk glands, 


iatio of Masnunals oily ; 


TABLE XXVIII, 


Srerewarte Sunver ov rae wore ravowtaNs Pewtone tn TRE PaytooRNY 
ov vax Humax Nexvous Sterns. 


I, Firat Period + Moduila of Gastroade, 







Tho necve system ix not yet distinct from the skin, and, toget 
the Intter, (6 represented by tho simplo cell-stmtam of the exode 
primary skinclayor; we it ix at the prosent day in the gastrula 






Amphioxua, 


II. Second Period ¢ Modulla of Primitive Worms. 


skin-someory layer, 
rveganglion Lying 


‘The centrnl nerve aystem is yet, at first, part of th 
and afterwarils consints of a threat modula, a simple 
shown the thrat; as it ix now in the lower Worms: tho upper throat. 
ganglion, 












SURVEY OF HUMAN NERVOUS SYSTEM. 231 


TEL. Third Period + Modulla of Chortonia. 


The central uceve syalem consists of a simple medullary tube, an 
elongation of the upper throut ganglion, which is sepmrnted fram tho inte. 
tine by a notochord (chore dorsalis). 


TV, Fourth Period: Medulla of Aerania, 


‘Tho simple medullary tubo differentiates into two parte: » head, and » 
dorsal part. ‘The heod medulla resembles a small, pear-shaped, simplo 
amelling (the primitive brain, or frst rudiment of the brain) on the anterior 
oxtremity of the long cylindrical spinal marrow. 





V. Pith Poriod + Medtulta of Cyctostoma, 
Tho simple, bladderike rudiment ct the brain divides into five con- 
sccutive brain-bludders of eimplo structure. 
VE. Sivth Feviad « Medutla of Primitive Pishess 


‘The five brain-bluiders differentiate into form similar to that now 
permanently retained by the Solnchii, 


VIL. Seventh Pericds Modulta of Amphibia. 


‘The differentintion of tho fivo brain-bladders progrosees to that structure 
which is now characteristic of the brain in Amphibia, 





VIII. Biyhth Period: Medutle of Mammals. 


‘The brain attains the charucteristio peculiarities distinctive of Mammals. 
‘Pho following may bo distingnished as enbordinate stages of development ; 
1, the brain of Monotremes; 2, the brain of Marsupinie; 3, the brain of 
Sembapes; 4, the brain of Aposs 5, tho brain of Man-like Apes 6, the 
‘brain of Ape-men ; aud 7, the brain of Man. 
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TABLE XXIX, 





Systematic Survey of the Evolution of the Skin.covering and 


Nerve System. 





XXIX d, Survey of the Byolution of the Skin-covoring. 



































ae ormayr of the over (ie 
pasermis) | (Stratum corasum) | Sweet gland 
Pro of the Sln-) Mice aget ofthe | Tat ey 
‘enssty-iaper "| Vocter ska) oan cane 
Sein = (Siratue muconem) (esse 
(Dorms, 
« Fibrous layer of the (Ponty ame 
asigumentem) | textirstia — {"heber ale aty tate 
Protest nf the Skin} Fatty fr of te eather) Rnd-vemels 
jst tn Ska | Fay pet he ae ete 
ue-layer ki Nerves, of 
(cniewtidy Vater aka 
XXIX. J. Survey of tho Evolution of the Contral Marrow. 
i ‘reat beminpberes Lem phere cenehn 
Dinceryiotuiee Lab dfechorsd 
LYwenea* |TaterolZuomters Youbet iterates 
vty Krad ttn 
Crome peo 
Cent of ight Mhatams optick 
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{Your alba 
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otra) (aesamyeh) | Hy wane 
Yroduct of the 
(foal heanbapheren 
TV. Hinsbestn 
Suin-sons rao worm 
a (abetopereh) “Lain bridge 
[Olives 
V. After-bratn 4 
Cviverche) > orth thant Tentrieutus Quarta 
VI. Dorsal Marrow Moballa pina 
Medi Kuvoloping | SM (5, doh medullary skin Sin mater 
lary {bray wit the (3 Somarainadlary tn rachnae 
‘coverings: or the brain, Htard mmdallary skin Duro mater 
(iteninges) nd spinal cord Cireducts of the &in-fbrows layer) 








CHAPTER XXL 


DEVELOPMENT OF THE SENSE-ORGANS, 


Origin of the most highly Purposive Sonse-organs by no Preconceiveil 
Purpose, but simply by Natural Selection —The Six Senso-organs and 
the Sevon Sense-functione-—All the Sonse-orguns originally Developed 
from tho Outer Skin-corering (from tho Skin.eensory Layer), —Organa 
of the Pressure Sense, the Heat Sense, the Sexual Bense, and the 
‘hate Sense.—Steacture of tho Organ of Seent,—The Blind Nose-pits 
‘of Fishes —Tho Nasal Farrows change into Nasal Canals.—Separation 
‘of the Cavities of the Nove and Mouth by the Palate Roof—Strasture 
of the Bye.—The Primary Eye Vesicles (Stalled Protaberances from 
the Twixt-brain)—Inversion of this Byo Vesicle by the Crystalline 
Lens, separated from the Horn-plate.—Inversion of the Vitreous Body 
Pho Vasonlar Capsute and the Fibrous Capsule of the Eyeball,—Ryn- 
Lids, —Structaro of tho Ear.—Tho Apparatas for Pereoption of Sounit = 
Labyrinth ond Auditory Necve.—Origin of the Labyrinth from the 
Primitivo Ene Vosiclos (by Separation from th Horn-plate).—Conduot> 
ing Apparatus of Sound: Drum Cayity, Bar Bonvlols, and Drum Me: 
‘brane.—Origin of these from the Virst Gill-opening and the Turte 
fimmodintoly ronnd it: (the Virat and Second Gill-arch)—Rudimentary 
‘Ontor Kar.—Rwlimentary Moscles of the Ear-shell. 














“Systomatio Physiology is banod expecially upon tho history of devolop- 
‘mont, and unless this in more comploto, can novor make rapid progress; for 
the history of development furnishes the philosopher with the matert 
neopreary for the secure coustrnction of a system of organic life. Henoe 
anatomical and phyxiological roacarches should be prosecuted mare from tha 
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point of view of developmont than ix now tho caso, that is, wo should 
‘caoh organ, each tiswae, and even cach function almply with the view of 
dotermining whence they have arisen,"—Rart, Tusenne (1882). 








‘THE xense-organs are undeniably among the most important 
and most interesting parts of the human body; through 
their activity alone we recognize the objects in the world 
around us. “Nihil est in intellectu, quod non p 
sensu.” They are the true springs of our mental life. Tnne 
other part of the animal body can we point to such extremely 
delicate and complex anatomical contrivances, co-operating 
for a definite physiological aim ; and in no other part of the 
body do these wonderful and very apt contrivances seem, at 








first, to indicate a premeditated creative design so conelu- 
sively. Hence it is that, in accordance with the received 
teleological view, it has been customary to admire the so- 
enlled “wisdom of the Creator” and the “purposive con- 
trivances of His Creation” especially in this matter. But 
on more mature consideration it will be observed that the 
Creator, according to this concoption, docs after all but play 
the part of an i 








zenious mechanic or of a siilful wateh- 

maker ; just, indeed, as all these cherished teleological 

conceptions of the Creator and His Creation are based om 
a. 











childish anthropomorp! 

We admit that at first sight this teleological explana- 
tion seems to afford the simplest and fittest interpretation 
of these very apt contriva 








If the structure and fune- 
tions of the very highly developed senso-organs are alone 
regarded, it seems as though their origin is hardly explie- 





able except on the assumption of a supernatural creative 
act. But it is exactly on this point that the history of 


>) - 
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evolution proves most clearly that this received conception 
is radically false. ‘The history of evolution convinces us that 


-the highly purposive and admirably constituted sense organs, 


like all other organs, have developed without premeditated 
aim; that they originated by the same mechanical process 
of Natural Selection, by the same constant interaction 
of Adaptation and Horedity, by which all the other pur- 
posive contrivances of the animal organization have beon 
slowly and gradually evolved during the “Struggle for 
Existence.” 

Like most other Vertebrates, Man possesses six distinct 
organs of sense, which accomplish seven distinct sensations. 
‘The external skin-covering accomplishes the sensation of 
pressure (rosistance) and of temperature (warmth and cold). 
This is the earliest, the lowest, and the least differentiated 
ongun of sense; it is distributed over the entire surface of 
the body. The other sensorial activities are localized. The 
sexual sense is limited to the skin-covering of the external 
sexual organs, just as the sense of taste is limited to the 
mucous tuembrane of the mouth-eavity (tongue and palate), 
and the sense of smell to the mucous membrane of the 
nose-eavity. Special mechanical contrivances of great eom- 
plexity oxist for the two highest and most differentiated 
organs of sense, the eye for the sense of sight, and the ear 
for that of hearing. 

Comparative Anatomy and Physiology show that in the 
Jow animals specialized sense-organs are entirely wanting, and 
that all sensations are transmitted through the outer surface 
of the skin-covering. The undifferentiated skin-layer, or exo- 
dorm, of the Gastwa is the simple cell-layer from which the 





Sail 
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differentiated sense-ongans of all Intestinal Animals (Aetazoa), 
and, therefore, of all Vertebrates, originally developed. Start= 
ing from the consideration that necessarily only the most 
superficial parts of tho body, those immediately exposed to 
the outer world, could have accomplished sensations, we 
should be justified in conjecturing 4 priori that the organs of 
sense also owe their origin to the same part. This is, indeed, 
the fact. ‘The most important part of all sense-organs 
develops from the outermost germ-lnyer, from the skin- 
sensory layer; in part, directly from the horn-plate, and, in 
part, from the brain, the foremost section of the medullary 
tube, after this has separated from the horn-plate. On 
comparing the individual development of the various ongans 





of sense, we see that at first they make their appearance in 
the simplest conceivable form: only very gradually does 
that wonderful perfect structure develop by whieh the 





higher sens 





-organs eventually become the most remarkable 
and the most complex mechanisms of the entire organiza 
tion. All organs of sense are, however, originally merely 
portions of the external skin-covering, in which sensorial 
nerves aro distributed. Even these nerves were originally 
homogencous and undifferentiated in character, Gradually, 
by division of Inbour, the various functions or “ 














energies” of the different sensorial nerves developed. 


taneously the simple terminal expansions of these sense 





nerves in the skin-covering developed into extremely com- 
plex organs 

The important bearings of these historic facta upon the 
just appreciation of mental life will readily be percoived. 


The whole philosophy of tho future will assume another 








—— 
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form as soon as Psychology has gained an accurate know- 


ledge of these genetic facts, and has made them the basis of 
its speculations, 

If the psychological teachings, published by the best- 
known speculative philosophers, and still generally received, 
are impartially studied, the simplicity with which the authors 
bring forward their airy metaphysical epeculations, regardleas 
of all the significant ontogenctic facts by which their 
doctrines are clearly refuted, cannot fail to cause great sur- 
prise. And yet the history of evolution, in-eonjunetion 
with the rapidly advancing Comparative Anatomy and 
Physiology of the sense-organs, affords the only safe founda- 
tion for the natural theory of the mind, 

With reference to the terminal expansions of the 
sensory nerves, the human organs of sense may be distri- 
buted into three groups, corresponding to three different 
stages of development. The first group includes those 
sense-organs, the nerves of which distribute themselves 
simply in the free surface of the skin-covering (organs of 
the sense of pressure, of heat, and of the sexual sense), Tn 
the second group, the nerves distribute themselves in the 
mucous membrane of cavities, which are originally grooves 
or inversions of the skin-covering (organs of taste and of 
smell). Finally, the third group is constituted by those 
very highly developed sense-organs, the nerves of which 
distribute themselves over an internal vesicle detached from 
the skin-covering (organs of sight and hearing), This 
remarkable genetic relation is represented in the following 


table :— 
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Taree Groupe smscaree | suapanctont 


I 





T. Skin nerves 
(neret cutanes) 


( 1. Skin-covering 
(outer skin, or 


‘Sense of re 


A. Sonso-organe in Senso of warmth 





which the ter.| — epidermix,an 
misalexpansions| — leathor - skin, 
of the nerves aro4 oF corium) 
distributed inthe | II, Extornal II. Sexual nerves 3, Sexual sone 
outer ukin-cover-| “woxual parts (nervé pudendds) 
ing. (pend vind li. 
toria) 
B, Sonno-organs in (III, Mucounmom, IIL Tasto nervo 4. Sones of taste 


which tho tor- 
minal expansions 
of the norves are. 
distributed over] 
inverted grooves 
of the ontor akin 
covering. 





\ 


brano of the 

month -cavity 

(tongue and 

Mate) 

TV. Mucous mon 
brane of the 
nnowo-cavity 





(norvus glosso- 
pharyngeus) 


TV. Olfactory 
nurve 
(ns olfactoriua) 


5. Senne of emolt 


organs in 
tho tre 
minal expansions 
of the nerves are 
distribute! over 








V. Sight nervo 


tages ace 0: Benen of gi 
(u. copticus 











Kar Vi. Knr-norve — 7. Senso of boar 
vouiclos — opa. 

rated from the Kn. cemanines e 
external — skin. 

coverings 





Of the developmental history of the lower organs of 
sense I have but little tosay. The development of theskin- 
ing, which is the organ of the sense of pressure (sense 
of touch) and of warmth, we have already traced (p. 209), 
I need only add that in the leather skin (coriwm) of Man, 
as of all higher Vertebrates, innumerable microscopic sense- 
organs develop, the direct relations of which to the sensa- 


cove! 








tions of pressure or resistance, of warmth and of cold, aro 
not yot nscortained. These organs, in or upon which the 
sensitive skin-ncrves terminate, are the so-called “touch 
bodies” and the “ Pacinian bodies,” named after their dis- 
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eoverer, Pacini. Similar bodies are also found in the organs 
of the sexual sense, in the penis of the male and in tho 
clitoris of the female; those are proceeses of the integument, 
and the development of which we shall consider presently, 
in connection with that of the other organs of generation. 
‘The development of the organ of taste, the tongue and the 
palate, we will also consider presently, in connection with 
that of the intestinal canal, to which these parts belong, 
‘To one point, however, I will now call particular attention, 
viz, the mucous membrane of the tongue and palate, in 
which tho taste-nerve terminates, is nlso in its origina portion 
of the external skin-covering. For, as we found, the entire 
mouth-cavity originates, not as a part of the actual intes- 
tinal canal, but as a groove-like inversion of the external 
skin (vol. ip. 338), Its mucous membrane, therefore, is 
formed, not from the intestinal layer, but from the skin- 
layer, and the taste-cells on the upper surfuce of the tongue 
and palate arise, not from the intestinal-glandular layer, 
but from the ekin-sensory layer. 

This is equally true of the mucous membrane of the 
organ of smell, the nose. The history of the development 
‘of this sensc-organ is, however, of far higher interest. 
Although the human nose, externally viewed, seems simple 
and single, yet in Man, as in all higher Vertebrates, it 
consists of two perfectly distinct halves, of a right and a left 
nasal envity. These two cavities are entirely separated by 
f vertical partition, so that the passage into the right nasal 
eayity lies only through the right nostril, and into the left 
cavity only through the left nostril. Posteriorly the two 
nasal cavities open separately through the two posterior 
nasal apertures into the hoad of tho pharynx, so that the 
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pharynx may be entered without touching the cavity of the 
mouth. This is the pnssage by which air is usually inhaled; 
the mouth being shut, it enters the pharynx, and thence 
passes through the windpipe into the lungs, Both nasal 
cavities are separated from the mouth-cavity by the hori- 
zontal bony palate roof, to the back of which the soft 
palate and tho uvula is attached, like a hanging curtain. 
In the upper and hinder portion of both nasal cavities the 
olfactory nerve extends over the mucous membrane, which 
lines these parts This is the first pair of brain nerves, 
which issue from the skull-cavity through the sieve bone. 
Its branches extend partly over the partition wall, and 
partly over the inner side-walls of the nasal cavities, to 
which aro attached the “shells” or spongy bones of the 
nose—complex bony structures, These " shells” are much. 
farther developed in many of the higher Mammals than 
in Man. In all Mammals there are three of these “ shells” 
in each of the two nasnl cavities The sensation of smell 
is produced by a current of air, containing odoriferous 
matters, passing over the mucous membrane of the cavities, 








and there coming in contact with nerve-ends, 

wh the olfactory 
organ of Mammals from that of lower Vertebrates, are 
represented in Man, In all specific points the human nose 
exactly resembles that of the Catarhine Apes, some of which 
indeed possess an entirely human external nose (see face 
of the Nose-ape, Fig. 202, p.175). ‘The first rudiment of the 
olfactory organ in the human embryo does not, however, 





‘The peculiar characters which disting 








show any signs of the fine form of tho future catarhine 
nose, Indeed, it first appears in the same form which 
persists for life in Fishes; in the form of two simple pits, 
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grooves in the skin of the upper surface of the head. In 
all Fishes two of these mere blind nose-pits are found in 
the upper surface of the head ; sometimes thoy aro situated 
at the back, near the eyes, sometimes near the snout, or, 
again, near the mouth-opening (Fig, 191, 7, p. 113). They are 
ined by mucous membrane in folds, over which the end 
! ‘branches of the olfactory nerves spread. 
Tn this its original condition the double nose of all 
_ Amphirhina (p. 101) is entirely unconnected with the pri- 
mitive mouth-cavity. The connection, however, begins to 
- 


Fig. 241.—Tead of a Shark (Seyl- 
| Hum), from the ventral side» m, month 
| cpeniogs © BoHe yTOOWOR, OF piles ty 

nasal farrow; % nove-Hap in ite 

‘patural position; w', now-flap turned 

‘up. (The dots are openings of mucous 
dots.) (After Gegenbnur.) 









appear even in some Primitive Fishes (Selachii); a super- 
ficial skin-furrow extends on each side from the nose-groove 
down to the adjacent corner of the mouth. This furrow, 
the nasal channel, or furrow (Fig. 251, 7), is of great sig- 
‘nificance. In many Sharks (e.g, Scylliwm) a special process 
of the frontal skin, the nasal flap, or “inner nasal process,” 
| overlaps the nasal furrow (n,%'). Opposite to this the outer 
edge of the furrow rises and forma the “outer nasal process,” 
In Dipneusta and Amphibia these two nasal processes meet 
| over the furrow and coalesce, thus forming a canal, the 
“nasal canal.” There is now a passage from the external 
nasal groove through this canal directly into the mouth- 
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cavity, which latter was developed independently of the — 
groove. In the Dipneusta and the lower Amphibia the 
internal opening of the nasal canal lies well forward (behind 
the lips); in the higher Amphibia it lies further back. In 
the three highest vertebrate classes, the Amniota, the 
primary mouth-cavity is separated by the formation of the 
horizontal palate roof into two perfectly distinet cavities, | 





the superior (or secondary) nasal cavity, and the inferior 
(er secondary) mouth-cavity. The nasnl cavity is also 
separated by the vertical partition into two distinet halves | 
into a right and a left nasal cavity. 

Comparative Anatomy thus still shows us simultaneously, 
in the ascending series of the donble-nostrilled Vertebrates, 
from Fishes up to Man, all the varions stages of develop- 
ment of the nose which the very highly developed olfactory 
organ of the highor Mammals has passed through eucoss- 
sively in the different periods of its tribal history, The 
first rudiment of the organ of smell in the embryo of Man 
and in that of all the higher Mammals, makes its appearance 
in the same enti simple form which is retained throughout 
life by the nose of Fishes. At a very early stage, and 
while no trace of the characteristic facial structure of Man 
is yet visible, a pair of small grooves appear on the front 
of the head, and before the primitive mouth-cavity; these 
were first discovered by Bacr, and by him properly enough 
named “olfactory grooves” (“Riechgruben,” Figs. 232, m, 

















258, n), ‘These primitive nasal grooves are quite separate 


from the primitive mouth-cavity mouth indentation, 








which, as we found, likewise makes its appearance as @ 
groove-like indentation of the external skin-coveying, in 


front of the blind anterior extremity of the intestinal canal 
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This pair of nasal grooves, as well as the single mouth 
groove (Fig, 235, m), is lined by the horn-plate, The 





Fio, 233, Pio 23 











Fio, 295. Fu, 





‘Pion, 232, 233.—Hoad of an ombryonic Chick, on the thint day of 
Incubstion: 252, from the frat; 283, from the right side. n, Nose-rudi- 
‘mont (olfactory grooves); |, eye-rudiment (sight-grooves); g, carrudiment 

| fanditory grooves); ¥, fore-broin, gl, eye-slite; 0, nppor jaw process; u, 
| Jower jaw process of the first gill arch. 

‘Pio, 244 —ffoad of an embryonic Chick, on the fourth day of incubation, 
from below: m, nowe.groove; 6, upper jaw process of the first gill arch s 
st, lower jaw process of the snme ; k", eocond gill.arch; xp, choroidal flarare 
‘of the eye, 4, throat (pharynx). 

Fros. 295, 236.—Two heads of embryonic Chicks + 295, at the end of tho 
fourth day; 296, at the end of the fifth day of incubmtion, ‘The letters as in 
Fig. 234, Additional lottors are én, inner, and aa, onter nasal process ; mf, 
‘nasal furrow j af, frontal procoss ; m, mouth-cavily. (After Koellikar:) 

‘All thove figures are proportionately enlarged, 
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original separation of the nasal groove from the mouth 
groove is, however, soon interrupted, for the frontal process 
(Fig. 235, st, Rathke’s “ Nasenfortsatz der Stirnwand”) 
is immediately formed above the mouth groove. Right and 
left the edges of this process project in the form of two 
lateral processes: these are the inner nasal processes, or 
nasal flaps (Fig. 235, in). On each side, opposite to these 
rises a parallel ridge between the eye and the nasal groove. 
Those ridges are the outer nasal processes (Rathke's “Nagen- 
dicher," Fig. 235, an). ‘Between the inner and outer 
nasal process & channel-like depression thus extends on 
each side from the nose groove toward the mouth groove 
(m), and this channel is, of course, the same nasal furrow 
or channel which we found in the Shark (Fig. 231, 7). As 
the two parallel edges of the inner and the outer nasal 
processes bend towards each other and coalesce above the 
nasal channel, the latter becomes a small tube—the primitive 
“nosal canal.” In this stage of its Ontogeny, therefore,*the 
nose of Man and of all other Amnion Animals consiats of 
two small narrow tubea—the “nasal canala”—leading from 
the outer surface of the frontal skin into the simple pri- 
mitive mouth-cavity, This transient condi resembles 
the permanent condition of the nose in Dipneusta, and 
Amphibia. (Cf. Plate I., Frontispiece, with explanation.) 
Specially significant in the modification of the open nasal 
channel into the closed nasal canal, is a plug-shaped forma~ 
tion, which extends from below up to the lower extremities 
of both the nasal processes on cach side, and unites with 
them, This is the upper jaw process (Figs. 232, 0, 236.0, 
Plate L, 0). Below the mouth groove lie the gill arches, 
which are separated from one another by the gill openings 















UPPER JAW PROCESS. 
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(Plates L., VL, and VIL, k). The first of these gill arches, at 
present the most interesting to us, which we may call the 
_ jaw arch, develops the jaw-skeleton ofthe mouth (Plate L,1). 
‘A small process first grows ont from the base of the front 
gill-arch: this is the upper jaw process, The first gill-urch 
‘itself develops a cartilage on its inner side, called after ite 
‘discoverer, “Mockel’s cartilage,” on the outer surface of 
which the lower jaw forms (Figs 232, , 236,u), The upper 
jaw process forms the principal part of the entire framowork 
of the upper jaw, viz. the palate bone and the wing bone, 
‘On its outer side the upper jaw bone, in the narrower sense, 
afterwards arises, while the middle portion of the upper jaw 
skoleton, tho twixt jaw (intermaxillary bono) develops 
from the anterior portion of the frontal proceas (See 
development of the face in Plate 1.) 
In the further characteristic development of the face in 
the three higher vertebrate classes, the two upper jaw pro- 
-—ensees are of the highest importance From them procseds 
the palate roof, the important horizontal partition which 
grows into tho simple primitive mouth-eavity, separating 
it into two quite distinct cavities. Tho upper cavity, 
into which the two nasal cavities open, now develops into 
‘the nasal cavity—a respiratory air passage and an olfactory 
organ. The lower cavity, on the other hand, forms, by itself, 
the permanent secondary mouth-cavity (Fig. 237, m)—the 
food passage and the organ of taste. Both the upper 
smell-cavity and the lower taste-eavity open at the back into 
the throat (pharynx). The palate roof, separating these two 
cavities, is formed by the coalescence of two lateral portions 
—of the horizontal plates of the two upper jaw processes 
(palate-plates ; Fig. 237,p), When those do not perfectly 


i. 
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adhere in the middle line, the result is a permanent Jongi- 
tudinal cleft, through which there is an open passage from 
the mouth-cavity directly into the nasal cavity. The ao 


Fic, 237.—Diagrommatic transverse section 
y throngh the month and nos cavity, While the 
* palate-platos (p) separate the original 
into the lower aecondary mouth-eavity (wi) and the 
‘upper nasal cavity; the latter is parted by the were 
tical partition wall of the nose (0) into two distinet: 
halves (n,n). (After Gogentmnr.) 











called “woli’s jaws” are thus caused. The “haredip™ 
“split lip” is a slighter degree of this arrested di 
ment. 

Simultaneously with the horizontal partition of 
palate roof, a vertical wall by which the single nasal 
is divided into two, a right and a left cavity, de’ 
(Fig. 287, n,n). This vertical partition of the nose (é 
formed by the middle part of the frontal process: 
this gives rise by ossification to the vertical lamella of @ 
sieve bone (cubiferm plate), and below the great vertical 
bony partition wall—the “plough-share" (vomer), and im 
front to the twixt-jaw (os intermamillare). Goethe wag 
the first to show that in Man, just as in all the other Skulled 
Animals, the twixt-jaw appears as an independent bone 
between the two halves of the upper jaw. The vertical 
partition wall of the nose finally coalesces with the horizontal 
palate roof, The two nasal cavities are now as entirely 
separate from one another as from the secondary mouth- 
cavity. Those three cavities open, however, at the back 
into the pharnyx, or jaw-cavity. 
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‘The double-nostrilled nose has now attained the structure 
characteristic of Man in common with all other Mammals. 
Its further development. is very easily intelligible: it is 
limited to the formation of internal and external processes 
of the walls of both nasal cavities. Within the cavities 
develop the “ nose shells,” spongy bony structures, over which 
the olfactory mucous membrane spreads, The first brain 
nerve, the olfactory nerve, with its delicate branches, passes 





Fios, 238, 239 —Upper part of the body of o human embryo (16 mm. in 
length) during tho sixth week: Fig. 238, from the left side; Pig. 289, from 
the front. ‘The origin of the nose in two lateral balrws, 
originally separate, is still plainly visible. ‘The nose and 
upper lip are disproportionately great in compariton with 
the mest of tho fio, espocinily with the lower lip. 
(Atter Koltman.) 

Pio. 240,—Face of » human embryo of eight weeks. 
(te Ecker.) Cf. Frontispiece, Plate I. Fig. Mi— 

Hh 
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from the large brain through the roof of bath nasal envities 
into the cavities, and extends over the olfactory mucous 
membrane, At the same time, by inversion of the nasal — 
mucous membrane, the minor cavities of the nose, which aro 
afterwards filled with air, and which communicate directly 
with the two nasal cavities, arise (frontal cavities, cavities of 
the sphenaid bone, jaw cavities, etc). In this special stage 
of development they occur only in Marmmala*™ 

The external nose is not developed until long after all 
these essential internal parts of tho olfactory organ have 
been formed, The first trace in the human embryo appears 
at the end of the second month (Figs. 238-240). Any 
human embryo during the first month shows that originally 
there is no trace of the external nose. It afterwards grows 
out from the anterior nasal portion of the primitive skull 
‘The form of nose which is characteristic of Man does not 
appear till a period far later. Much stress is usually 
laid on the shape of the external nose as a noble organ, 
occurring exclusively in Man; but there are Apes which 
have very human noses, as, for instance, the Nosed Ape 
alrendy mentioned. On the other hand, the external moge, 
the fine shape of which is #0 extremely important to the 
beauty of the facial structure, possesses in certain inferior 
races of Man a shape anything but beautiful. In most | 
Apes the external structure of the nose remains undeveloped, 
Especially remourkable ix the important fact already cited 
that it is only in the Apes of the Old World, in the Cata- 
rhines, that the nasal partition wall (septum) remaing ag 
small as it is in Man; in Apes of the New World it widens 
considerably at the base, so that the nostrils open outwards 
Platyrh 
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TABLE XXX. 


Srsrewavio Sunver or Tux Cuter PnrzoceNenc Sriors oF me 
Humax Nose, 


Firat Stages Nove of the cartier Primitive Fither 
Tho now is formed by a pair of simple wkin.grooves (noseepite) in tho 
‘outer surface of the hoad (like thoi which are now permanently rotained 
ly the lower Selnchinne). 
Secomd Stage + Nose of the mare recent Primitive Mishes, 
Bach of the two blind nasal groovos becomes connected by a furrow 


(nassl-furrow} with one end of the month (as ix yet pormanontly tho case in 
tho highor Belachiane). 
Third Sioge: Nose of the Dipmewsta, 

‘The two naxal farrows change, in conroquence of the coalesoenco of their 
edges, into clovwed canals (primary nowe-eauals), which opeu at their front 
ends, within the soft edges of the lip, into the primary mouth-cavity; as is 
yet pormanentiy the case in the Dipnousta and the earlier lower Am} 
(Sexodranchia). 











Fourth Stage : Nose of Amphibia, 

‘The inner openings of the naval canale ponotrate further back into the 
primary mouth-cavity, #0 that they aro eurrounded by hard bony portions of 
‘the jaw (as ia yot permancatly the ease in the higher Amphibia) 

With Stayer Nose of the Pyolamnia 

‘Tho primitive mouth-cavity, into which both noel canals open, separates, 
in consequence of the formation of a horizontal partition (tho palate.roof), 
foto an upper nasal cavity and a lower (secondary) mouth-envity, ‘The 
forwaticn af the spongy bones of the now commences (om in the earlier 
‘Aimuion Anizinls), 


Sixth Staye» Nove of the corlier Mammats, 
‘The simple noto-cavity separator, in comequence of the development of 
43 fertieal partition wall (the “plough,” vomer), into two distinot mosssenvities, 
‘each of whioh is occupied by one of tho naxn) eannts (ne ix yot tho cagn in all 
“Mammals), ‘Tho epongy noww-bones difforentinte.. 
Bevonth Stages Nose of the more recent Mammals. 
‘Within both nove-cavities the development of the apongy bones proceea 
further, and an extornal nose hagins to form. 
Highth Stage + Nove of the Catarhine Apes, 


‘he internal and the external noko attain the fall development ox 
élaxively characteristic of Catarhine Apes and of Man, 
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‘The history of the development of the eye is equally 
remarkable and instructive. For although the eye, owing — 
to its exquisite optical arrangement and wonderful struc- 
ture, is one of the most complex and most nicely adapted — 
organs, yet it develops, without a preconceived design, from 
a very simple rudiment in the outer skin-covering. 






























Fic. 261,—The hunan eye in tranaverte section: a, protective membrane 
(elorotica) |b, horn membrane (cornea); ¢, outer membrane (confunetivals 
} ¢ Vascular membrane (chorvidea) J, eine 
1} rainbow mombrino (iris); 4, optic nerve 
1k anterior limit of the retina; 1, crystalline leas (lens erystab 
ner cover of the horn membrane (water membrane, membrane 
Deacemett); m, pigment membrane (pigmentora); 0, retina, p, “pecdte-carsal:” 
4g, yollow spot of the rvtina. (Aftar Holmbolts.) 









When fully developed, the human eye is a globular 
capsule (the eyeball, bulbus, Fig, 241). This lies in the 


| 
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bony orbit of the skull, surrounded by protective fat and 
by motor muscles. The greater part of this eyeball is 
occupied by a semi-fluid, clear gelatinous substance, the 
vitreous body (corpus vitrewm). Tho crystalline lens 
(Fig. 241, J) is embodded in tho anterior surface of the 
vitreous body. It is a lentil-shaped, bi-convex, transparent 
body—the most important of the light-refracting media of 
the eye Among these media is, in addition to the lens 
and vitreous body, the aqueous humour (iumor aqueus, at 
m, in Fig. 241), in front of the lens. ‘These three pellucid, 
light-refracting media—the vitreous body, the crystalline 
Jens, and the aucous humour—by which the rays of light, 
incident on the cye, are refracted and concentrated, aro 
enclosed in a firm globular capsule consisting of several 
different membranes, comparable with the concentric layers 
of an onion, The outer and thickest of these forms the 
white protective membrane of the eye (sclerotica, a). It 
consists of firm, compact white connective tissue. In front 
of the lens a circular, very convex, transparent plate, re- 
sembling a watch glass, is inserted in the white protective 
mombrane; this is the horny membrane (cornea, 5). On 
its outer surface the horny membrane is covered by a very 
thin coating of outer skin (epidermis); this coating is 
ealled the connecting membrane (conjunctiva); it extends 
from the horny membrane over the inner surface of both 
eyelids—the upper and lower folds of skin which on closing 
the eyes are drawn together ovor them. At the inner 
corner of our eye there is, as a sort of rudimentary organ, 
the remnant of a third (inner) cyelid, which, os the “ nic- 
titating membrane,” is highly developed in the lower 
Vertebrates (vol. i. 110). Below the upper eyelid ave lodged 
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the tenr-glands, the secretion of which keeps the 
of the eye smooth and clean. 

Direetly under tho protective membrane is a sities 
dark-red, highly vascular mombrano, tho vascular mem~ 
brane (choroidea, ¢), and within this the retina (0), which 
is a dilatation of the optic nerve (#), ‘This latter is the 
second brain nerve. It extends from the “ centre of sight™ 
(the second brain-bladder) to the eye, penetrates the outer 
coats of this, and then extends, as the retina, between the 
vascular membrane (choroidea) and the vitreous body 
(corpus vitrewm). Between the retina and the vaseular 
membrane lies another very delicate membrane, which 
is commonly, but wrongly, considered aa part of the latter, | 
This is the black pigment membrane (pigmentosa, lamina 
pigmenti, n), or the “black carpet” (tapetum nigrum) — 
Tt consists of a single layer of beautiful hexagonal cells 
accurately joined together and filled with black pigment 
granules, This pigment membrane lines, not only the inner 
surface of the actual vascular membrane, but also the pos- 
terior surface of its anterior muscular prolongation, which, 
as acirvular ring-like membrane, covers the edge of the lens, 
and prevents the penetration of lateral rays ‘This is the 
well-known “rainbow membrane” (iris, k), which is differently 
coloured in different persons (blue, gray, brown, etc). ‘This 
“rsinbow membrane” is the limit towards the front of 
the vascular membrane. The round hole in the iris is the 
pupil, through which tho rays of light pass into the interior 
of the eye. Where tho iris procceds from the edge of the 
actual vascular membrane, the latter ia much thickened and 
forms a beautiful ciliated crown (corona ciliaris, g), which 
ucrounds the edge of the lens with about seventy large, 


many smaller rays. 
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In the embryo of Man, a4 in that of all other Amphi- 
rhina, two pear-shaped vesicles grow out laterally, at a very 
early period, from tho foremost part of the first brain- 
Bladder (Fig. 228, a, p.218) These bladder-like protuberances 
are the primary eye-vesicles. At firm they are directed 
outward and forward, but they soon make their way further 
downward, so that after the specialization of the tive brain- 
bladders, they lio at tho base of the twixt-brain. The 
internal spaces within the two pear-shaped vesicles, which 
soon attain a considerable size, communicate through their 
hollow stalks with the cavity of the twixt-brain. Their 
outer covering is formed by the outer skin-covering (horn- 
plate and leather-plate), Where, on each side, the latter 
comes directly in contact with the most enrved portion of 
tho primary oye-vesicles, a thickening (/) arises, and at the 
same time a groove-like indentation (¢) in the horn-plate 
(Pig. 242.1). This groove, which we will call the lens groove, 
changes into a closed sac, the thick-walled lens vesicle (2, 1), 
owing to the fact that the edges of the groave coalesce above 
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Fis, 242—Bye of an embryonio Chick in longitudinal section (1, ef a 
germ after sixty-five hours of incubation; 2, of a eomowhnt oldor germ: 
8, of & germ four days cla); h, horn-pinto; 0, lens groove ; L, lone (in 3, 
it wtill forme part of the opidermis, while in 2 and 9 it hus if 
thieleoning e€ tho horn-plnto ot the peiat from which the tens separwied , 
gly vitreous body; r, retinas », pigment membrane, (After Remuak.) 
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it Exactly as the medullary tube originally separates: 
the outer germ-layer does this lems-sne separate from 
horn-plate, in which it originated. Tho spaco within this — 
sae is afterwards entirely filled by the cells of its thick wall, 
and the solid crystalline lens is thus formed, ‘The Iatter ig, 
therefore, purely a formation of the epidermis, Together with — 
the lens the small fragment of the leather-plate (eorimm) 
lying below the lens separates from the outer skin-covering. 
‘This small piece of the leather-skin very soon forms a highly 
vascular sac round the lens (capsule vasculosa lentia). 
Ita anterior portion at first covers the pupillary orifice, and 
is then known os the pupillary membrane (membrana 
pupillarie). Sts back portion of tho same membrane is called 
the “membrane capsulo-pupillaris” This “vascular lens 
capsule, which merely serves to nourish the growing lena” 
afterwards entirely disappears. The later, permanent lens 
capsule contains no vessels, and is a structureless secretion 
of the Jens cells. 

‘As tho lens thus separates from the horn-plate and 
grows inword, it must necossarily indent the adjoining 
primary eye-vesicles from without (Fig. 242, 1-3). This 
process may be compared to the inversion of the germ-mem- 
brane vesicle (blastwa), which in the Amphioxus and in 
many low animals gives rise to the gastrula(vol.i. p.192). In 
both instances the inversion of one side of the closed vesicle 
proceeds until finally the inner, invorted portion touches the 
outer, uninverted portion of the wall of the vesiclo, so that 
the cavity disappears. Just as in the gastrula the former 
part changes into the inteatinal layer (entoderma), and 
the latter into the skin-layer (exoderma), so in the inverted 
primary eye-vesicle the retina develops from the former 
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(inner) part (Fig. 242, r), and the black pigment membrane 
(w) from the latter (the outer, uninverted part) Tho hollow 
stalk of the primary eye-vesicle changes into the optic 
nerve, 

The lens (t) which enacts so important « part in this 
‘inverting process of the primary eye-vesicle, lies at first 
directly upon its inverted part, that is, on the retina (r). 
Vory soon, however, the two sepurate, a now body, the 
vitreous body (corpus wtreum, gi), coming in between them. 
While the Jene-sac is detaching itself, and the primary eye- 
vesicle is being inverted from without, another inversion 
simultaneously proceeds from beneath—from the superficial 
portion of the skin-fibrous layer, i, from the leather-plate 
of the head. At the back of the lens and below it, a ledge-like 
process of the lesther-plate arises (Fig. 243, g), which inverts 
the primary eyo-vesiclo (now shaped like a cup) from below, 
and presses in between the lens (2) and the retina (r) 
‘Thus the primary eye-vesicle assumes the form of a hood. 
The opening of this hood, answering to the face, is covered 
by the lens; but the opening, through which the neck 
would pass, answers to the indentation through which the 
leather-skin passes in between the lens and the retina (the 
inner wall of the hood). The space within this secondary 
eye-vesicle is almost filled by the vitreous body, which 
answers to the head wrapped in this hood, The hood itself 
is, properly speaking, double: the inner hood itself is the 
retina, and the outer one, directly surrounding the former, 
is the pigment membrane. The comparison with a hood 
renders this process of inversion, which is sometimes hard 
to explain, more clearly understood. The rudiment of the 
vitreous body (corpus vitrewm) is at first very incon- 
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sidorable (Fig. 243, g), and the retina disproportionally 
thick. As the former expands, the latter becomes much 
thinner, till at last the retina appears only as a very delicate 


Fro, 243,—Horizontal traneverve 
section through the eyo of @ hams 
embryo of four wecks; 100. times 
enlarged (after Koelliker): t, lens 
{the dark wall of which ix equal to 
tho diameter of tho central cavity}, 
4, vitreous body (connected with the 
Teathor-plate Ly a talk, g!) 5 vase 
cular loop (ponotmating through thw 
stulke (9°) into the vitreous body be: 
hind tho Jens); *, retina (inner, 
thicker, inverted Inmella of the 
primary ope-vesicle); a, pigmont mombrano (oater, thinner, sninverted 
Tametlo of the same); h, intermediate epace between the retina and the 
Piginent membrane (remnant of the cavity of the primary esa-vesiole). 





cont of the thick, almost globular vitroous body, which fille 
the greater part of the secondary eye-vesicl The outer 
layer of the vitreous body changes into a highly vascular 
capsule, the vessels of which afterwards disappear. 

The slit-like passage through which the rudiment of the 
vitreous body grows from below in between the lens and 
the retina, of course causes a break in the retina and the 
pigment-membrane, This broak, which appears on the inner 
surface of the vascular membranc as a colourless streak, has 
been inaptly called the choroidal cleft, though the true 
vascular membrane is not cleft ab all at this point (Fig. 
234, sp, 285, ap, p. 243), A thin process of the vitreous body 
passes inward on the under surface of the optic nerve, which 
it inverts in the same way as the primary eye-vesicle was 
inverted. ‘The hollow cylindrical optic nerve (the stalk of 
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the primary eye-vesicle) is thus transformed into a channel, 
opening downward. The inverted lower surface attaches 
itself to the uninverted upper surface of the hollow stalk, 
that the hollow space within the stalk, forming the com- 
munication between the cavity of the twixt-brain and of 
the primary eye-vesicle, now disappears. The two edges 
of the channel now grow downward toward each other, 
enclose the bandlike procees of the leather-plate, and 
coalesce beneath it, Thus this process now lies within the 
axis of the solid secondary optic nerve, It develops into 
a cord of connective tissue carrying the central blood-vessel 








of the retina (vasa centralia retina), 

An entirely fibrous covering, the fibrous capsule of the 
eye, now finally forms round the outside of the secondary 
eye-vesicle and its stalk (tho secondary optic nerve). It 
originates from the head-plate, from that part of the ekin- 





fibrous Inyer which immediately encloses the eyc-vesi 
This fibrous covering takes the form of a completely 
ball of the eye, and 


osed 








globular sac, which surrounds the whe 
in between the lens and the 








on the outer « this, grows 
horn-plate. The globular wall of the capsule soon separates, 
by fission of the surface, into two distinct membranes. The 
inner membrane becomes the choroides, or vascular layer; 
in front it forms the ciliated crown (corona ciliaris) and 
the iris Tho outer membrane, on the other hand, becomes 
the white enveloping, or protective membrane (sclerotica), 
and, in front, forma the transparent horny membrane 
(cornea). The rudiments of all the essential parts of the 
eye are now formed, and its further development is only in 
details, in the complex differentiation and combination of 


the several parts, 
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Systomatic Survey of the Development ot the Human Bye. 
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The most important fact in this remarkable process of 
eye-development is the circumstance that the optic nerve, 
the retina, and the pigment-membrane originate from a 
part of the brain, from a protuberance of the twixt-brain, 
while the crystalline lens, the most. important refracting 
medium, develops from the outer skin (epidermia). From 
the outer skin—the horny lamina—originates also the 
delicate connecting membrane (conjunctiva) which after- 
wards envelopes the outer surface of the eyeball. The tear- 
glands proceed, as branched processes, from the conjunctiva 
(Fig. 214, p. 202). All the other parts of the eye originate 
from the skin-fibrous layer; the vitreous body and the 
vascular lens-capsule from the leather-plate, the choroid 
coat with the iris, and the protective membrane (selerotica) 
with the horny membrane (cornea) from the head-plates. 

The outer protective organs for the eye, the eyelids, are 
merely simple folds of skin, which, in the human embryo, 
appear in the third month. In the fourth month the upper 
eyelid adheres to the lower, and the eye then remains 
covered by them till birth. (Plate VIL Fig. Mur, Rut, 
etc.) The two eyelids usually again separate shortly before 
hirth, but sometimes not till after. Our skulled ancostora 
had, in addition to these, a third eyelid, the nictitating 
membrane, which was drawn over the eye from the inner 
corner. Many Primitive Fishes (Selackii) and Amnion 
Animals yet retain this, Tn Apesand in Man it has atrophied, 
and only a small remnant of it exists in the inner corner of 
the eye as the “crescent-shaped fold,” as 9 useless “rudi- 
mentary organ.” (Cf vol. i. p. 109.) Apes and Man have 
also lost the “ Harder gland,” opening below the nictitating 
membrane, which appears in other Mammals, and in Birds, 


Reptiles, end Amphibians @ 
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‘The ear of Vertebrates develops in many important 
points similarly to the eye and nose, but yet in other 
respects very differently!” The organ of hearing of the 
developed human being resembles that of other Mammals 
in all essential particulars, and is especially similar to that of 
Apes, As in the latter, it consists of two principal parts, an 
apparatus for the conveyance of sound (external and middle 
ear) and an apparatus for producing the sensation of sound 
(internal ear). The outer ear opens in the ear-shell (eoneha 








an (loft eax, soon from the fronty natura) 

size) > a, carssbolls b, external car-canal ; 0, dram, or tympanic membrane 

A, cuvity of deum ; ¢, ear-Lrampels f,9, ly the throw car bonolets (/, hismner § 

g, anvil; fh, atitrup): % ear-pooch (wtriculus); &, the threo semicirewlar 
} hearasne (saceulus) ; , anil (cochlea); m, auditory 


Pio, 244,—Auaditory organ of 











auris), situnted at the side of the head (Fig. 224,a), From 
this the outer ear-canal, which is usually about an inch long, 
leads to the inside of the head (b), ‘The inner ond of this 




























or drum (/ympanum) ; a thin membrane of oval form {¢), 
placed in a vertienl position, but slightly inclined. This 
membrane separates the outer car-canal from the so-called 
& cavity of the drum (cavum tympani) This is # small 

cavity enclosed in the petrous part of the temporal bone, 
which is filled with air and connected by aspecial tube with 
_ the mouth-cavity, This tube is somewhat longer, but much 
— narrowor than tho outer ear-canal; it leads inward and 
forward in an oblique direction from the inside wall of the 
tympanum and opens behind tho inner nostrils (or Choana) 
‘into the upper part of the cavity of the throat (pharyna), 
‘This canal is called the Eustachian tube (tuba Bustachii). 
Tt equalizes the pressure of the air in the tympanic 
eavity, and the outer atmospheric air which enters by 
the ear canal, Both the Eustachian tube and the tympanie 
eavity are lined by a thin, mucous membrane, which 
is a direct continuation of the mucous membrane of the 
throat, Within the tympanic cavity are the three bonelets 
of the ear, which, from their characterietic shape, are called 
‘the hammer, the anvil, and the stirrup (Fig, 2th f, g, fi). 
The hammer (/) lies furthest outward, just within the 
tympanic membrane; the anvil (g) is wedged in between 
the two others, above the hammer, and further in than the 
; and, lastly, tho stirrup (/) lies next to the anvil 
d the inside, and touches with its base the outer wall 
of the internal car, or the auditory sac, All these parts of 
oA middle and external ear belong to the sound-condueting 
tus, Their principal office is to convey the waves of 
from without through the thick side-wall of the head, 
the internal ear. Tn Fishes these parts are entirely unre- 


_i 





262 THE EVOLUTION OF MAN. 


presented. In them, the sound-waves are conveyed directly 
through the wall of the head itself to the internal ear, 
‘The inner apparatus, that which produces the sensation 
of sound, receiving the sound-waves thus conveyed to it, 
consists in Man, as in all other Vertebrates (with the single 
exception of the Amphioxus), of a closed auditory ene filled 
with tiuid, and of an auditory nerve, the ends of which are 
distributed over the wall of this sac The vibrations of 
the waves of sound are conveyed by that medium to thess 
nerve-ends, In the auditory fluid (endolymph), which 
fills the labyrinth, and opposite the places at which the 
auditory nerves enter, are some small stones, composed 
of a mass of microscopic calcareous crystals (otolitha). ‘The 
organs of hearing of most Invertebrates have casentially 
the sume construction, In them, also, it usually consists of 
a closed sac filled with fluid, containing otoliths, and hay 
the auditory nerve distributed over its wall. But while in 
Invertebrates the anditory vesicle is usually of a very 
simple spherical or oval form, in all Amphirhina, on the 
contrary, that is, in all Vertebrates above the Fishes up to 
Maz, it is distinguished by a very charactoristic and singular 
form known as the auditory labyrinth. This thin membra- 
nous labyrinth is enclosed in a bony envelope of the same 
form, the osseous labyrinth (Pig. 245), which lies within the 
petrous bone of the skull. The labyrinth in all Amphirhina 
is divided into two sacs, The larger sae is called the 
auditory pouch (utriculus),and has three curved appendages, 
called the semi-circular canals (0, d,¢); the smaller sac is 
called the auditory sac (sacculus), and is connected with a 
peculiar appendage, which in Man and the higher Mammals 
is distinguished by a spiral form, like the shell of a snail, and 
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hence is called the “nail” (cochlea, 6). On the thin wall 
of this delicate mombranous labyrinth, the auditory nerve, 
which passes from the after-brain to the labyrinth, is dis- 
tributed in a very complex manner. It divides into two 
main branches, the nerve of the cochlea, and the nerve of 
vestibule, for the remaining part of the labyrinth. The 
former seems specially to determine the quality of the sound 
heard, the latter its quantity. The nerve of the cochlea 


Fie, 245.—Tho bony tabyrinth of the human ear 
Gott side); , vostibalos 2, cochlea; ¢, uppor semie 5 
circular canal; , postorior vami-cirvalsr canal; ¢, f 
wae 


outer semi-circular canal ; f,fenestra ovalis y 9, fenestra 
rotunda, (From Meyer.) 


tells us the pitch and quality of sounds, the nerve of the 
vestibule their strength. 

The first radiment of this extremely complex organ of 
hearing is very simple in the human embryo, as in those 
of all other Skulled Animals (Cramiota) ; it is a groove-like 
depression of the outer skin (epidermis). At the back of the 
head, near the after-brain, at the upper end of the second 
gill-opening, a little wart-like thickening of the horn-plate 
ariaes on cach side (Figs. 246, A, fl; 248, 7), This deepens 
into a small groove, and separates from the outer-skin, just 
as does the lens of the eyo, (Cf p. 253.) A small vesicle 
filled with fluid, the primitive ear-vesicle, is thus formed 
on each side, immediately below the hor-plate of the back 
part of the head; this is also called the “primary laby- 
rinth” (Plates VI and VII.), As this separates from its 
original site, the horn-plate, and grows inward and down- 
ward in the skull, it changes from a globular to a penr- 
shaped form (Figs. 246, B, lv; 249, 0). The outer part has 
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elongated into a thin stalk, which at first opens outward in 
a narrow canal. (Cf. Fig. 187, f, vol. i p. 382.) This is called 
theappendageof the labyrinth recesses labyrinthi, Pig. 246, 0e) 





Fro. 248,—Derelopment of the ear-labyriath of » Chick; in five com 
secutive stages (4-E) (cromsections through the rudimentary skallyy fl, 
car-groove: fv, ear-vesicle; ty, labyrinth appendage  , rudiment of ike 
cosblea cep, hind somi.cireular canal; eve, outer semi-cleodlar oma 








Jr, jugulae voin. (Aftor Reiaener.} 
(7, 248,—Head of an embryonic Chick, on the third day of tnegbae 
tion: 247 in tr S from tho right; ", rodimentary now (efwobery 

rudimentary aye (ccolur groore) ; 9, radimontary eer (andlitery 
Kevore) ; ¥, fore-brnin ; gl, eye-slit ; 0, process of the apper jew; % process 
the lower jaw of the first gill.arch, (After Koelliker.) 

Fie, 249.—Primitive train of homan embryo of four weeks, in vartionl 
section, and the left half observed from within» 9, 5m, hn, thetive greewed of 
the skull cavity in which the five brain Bladders are sitanted (fore, kwixty 
mid, hind, oud after brains) 0, primary, pearshaped aulitory vestele 
(showing through); a, eye (showing throagh); =o, optic wervo; 9, canal ef 
the hypoplynis; ¢, omntral skull-pieces. (From Koalliker} 
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\ In lower Vertebrates, this develops into a peculiar cavity 
filled with calcareous crystals, which in some Primitive 
Fishes (Selachii) remains permanently open, and opens 
above on tho skull (ductus endolymphaticus). In Mam- 
mals, on the contrary, the appendage of the labyrinth 
atrophies. In theso, it is of interest only os a rudimentary 
organ, which has no longer any physiological significance. 
Ts useless remnant traverses the osseous wall of the petrous 
bone in the form of narrow canal, and is called the aque- 
-duot of the vestibule (aquaductus westibuli). 

Only the innor and lower part (extended like a bladder) 
of the detached car-vesicle develops into the differentiated 
and extremely complex structure which is afterwards known 
as the “secondary labyrinth.” This vesicle separates at a 
very early stage into an upper, larger section, and a lower, 
smaller section. ‘The former gives rise to the ear-pouch 
(uériculus) with the three semi-circular canals; from the 
latter proceeds the car-sac (sacoulus) with the “snail” 
(coches, Fig. 246, c). The three semi-circular canals 
originate as simple pocket-like processes from the ear- 
pouch (Fig. 246, Hse and cap). In the centre of each of 
‘these processes, the two walls coalesce, and separate them- 
selves from the utricle, while their extremities still commu- 
nieata with its cavity. In all Dowble-nostrils (Amphirhina) 
there are three semi-circular canals, as in Man, while of the 
| Gyclostomi the Lampreys have but two, and the Myxinoides 

but one (p. 103). The highly-developed structure of the 
“snail” (cooklea), which ia one of tho most delicate and 
| admirable products of adaptation in the mammalian body, 
originally develops very simply as a bottle-like process 
from the car-sac (sacculus), As Hasse has shown, the 
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various stages in its ontogenetic development still exist 
permanently side by side in the ranks of the lower Verte 
brates?” Even in Monotremes the snail-like spiral curving 
of the cochlea is not present ; it is exclusively characteristic 
of the other Mammals and Man. 

‘The auditory nerve (nervus acuetious), or the eighth 
brain-nerve,—one of the main branches of which distributes 
itself over the “snail” (cochlea), the other over the other 
parts of the labyzinth,—is, as Gegenbaur has shown, the 
sensory dorsal branch of a spinal brain-nerve, the motor 
ventral branch of. which is the motor nerve of the facial 
muscles (nerve facialis). Phylogenetically it has, there- 
fore, originated from an ordinary skin-nerve, and is, conse 
quently, of wholly different origin from the optic and 
olfactory nerves, which represent the two direct processe: 
of the brein, In this respect the organ of hearing differs 
essentially from the organs of sight and of smell ‘The 
auditory nerve originates from the cells of the head~plate; 
therefore, from the skin-fibrous layer. From this ales 
develop all the membranous, cartilaginous, and bony eover- 
ings of the ear-labyrinth. 

‘The development of the apparatus for the conveyance of 
sound, situated in the middle and external ear of Maramala, 
is entirely distinct from that of the apparatus of auditory 
sensation. It must be regarded, phylogenetically as well as 
ontogenotically, as an independent, secondary formation, 
which only afterwards connects itself with the primary 
internal ear. Its development is, however, not less in- 
teresting, and is equally clearly explained by Comparative 
Anatomy, In all Fishes, and in the yet lower Vertebrates, 
there is no special apparatus for the conveyance of sound, 
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Sreexaric Seuvet or mmx Onrer Stakes 1 vie DeveLormenr 
op rae Hunan Ear, 
L. Pirst Stage. 
‘Tho anditory norve is an ordinary sonsitivo skin-norvo, whiob, duriog the 
ferentiation of the horn-plote, appears abo certain point on the skin of 


the bead, 
IL. Second Stage, 

The differentiated place of tho horn.plate, at which the anditory nerve 
‘pptared, forme a amall *pecial anditors groove in tho akin, which haa en 
ater orifice in tho appendage callod the “ Iubyrinth,” 

1. Third Stage. 

The auditery groove hus detachod itself from the horn-lemina, ond forms 
1 mall closed anditory vesicle filled with fluid. ‘The " labyrinth-appendage" 
becomes rudimentary (Aguaductus vestibuli). 

IV. Fourth Stage. 

‘Tho auditory vesicle difforentinton into two connocted parts, the ear- 
pouoh (utrioulus) und the earseno (sacoulus), Koch of the two vasioles 
receiver a spocial main branch of tho auditory nerve. 

V. Fifth Stage. 

‘Three semi-circular canals grow from the oar-pouch (as in all Amphi- 
hina). 

VI. Gisth Stoge. 

Thy “wail” (cochlea) grows from the cursus in Fisher mod Amphibi 
it ia vary insignificant, and ia only developed as an independent part in the 
Amniot, 





VIL. Seventh Stage. 

Tho firab ill-opening (the blow-hole of Solachlans) changes into the 
tympunio cavity and the Eustachian tube; the former in externally closed 
by the tympanic mewbrane (Amphibia). 

VIEL. Biyhth Stage. 

‘Tha amall bones of the enr (orsicula audétus) (the hammer (malleus) and 
anvil (news) from the first gill-arch, the stirrup (stapes) from the second) 
develop from parts of the first and nocond gill arches. 

IX. Ninth Stage. 

Th external ear ix developed, together with the bony car-canal, ‘The 

shell of the ear is pointed and movable (os in most lower Maxma}s), 
X. Tenth Stage. 

‘Tho earsholl, with its muscles, becomes disused snd a rudimentary 
organ, It ig no longer pointed, bat, on the contrary, hae a curvod rim with 
a smoll car-finp (ns in Anthropoid Apes and Men). 
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o external and middle ear; in these animals there is only 
labyrinth, an internal ear, situated within the skull. The 
tympanic membrane, its cavity, and all the connected parts 
fare unrepresented. ‘The middle ear first develops in the 
Amphibian class, in which a tympanic membrane, a tym- 
panic cavity, and an Eustachian tube are first found, All 
"these essential parts of the middle ear develop from the first 
_ gill-opening, with its surrounding parta, which in the Pri- 
} mitive Fishes (Selachit) remains through life as an open 
blow-hole, situated botweon the first and second gill-arches, 
In the embryos of higher Vertebrates it closes in the centre, 
the point of conerescence forming the tympani¢c membrane. 
The remaining outer part of the first gill-opening is the 
rudiment of the outer ear-canal. From the inner part 
originates the tympanic cavity, and farther inward, the 
Eustachian tubo. In connection with these, the three bone- 
lets of the ear develop from the first two gill-arches; the 
hammer and anvil from the first, and the stirrup from 
| the upper end of the second gill-arch.* 

Finally, as regards the external car, tho ear-shell (conch 
auris), and the outer ear-canal, leading from the shell to the 
tympanic membrane—these parts develop in the simplest 
way from the skin-covering which borders the outer orifice 
‘of the first gill-opening. At this point the ear-shell rises in 
the form of a cireular fold of skin, in which cartilage and 
mmuseles afterwards form (Fig. 238, p. 247). This organ is 
also limited to Mammals. Among them, it is originally 
wanting only in the lowest division, in the Beaked Animals, 
(Monotrema), In the others, on the contrary, it appears 
in very different, stages of development and partly also of 
atrophy. The ear-shell has atrophied in most aquatic 
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Mammals. Most of these have even lost it enti 
is so, for example, in the Sea-cows and Whales, 
Seals. On the other hand, in the great majority of ¥ 


the ear-shell is well developed, receives and cone 
waves of sound, and is provided with « highly- 
muscular apparatus, by means of which it can b 
freely to all sides, and at the same time can be 









our domestic Mammals, Horses, Cows, Dogs, Rabb 
can " prick" their ears, erect them and turn them in di 
directions. Most Apes yet retain the power of doing 
and our ancient Ape progenitors could also do it, The 





Tro, 260,—Rudimentary earxsuscles on the human skull: a, 
amnscle (m, attollens); b, forward mascle (m. attrahens) ; « backward 
(om retrahens); d, larger muscle of tho helix (m. netiete majors 
muscle of the helix (m. Aelieis minor); f; mnsolo of the tragus Cm. 
g. muscle of the antiteagas (m. antitragicva). (After HL. Meyer.) 


recent Ape ancestors, common to Men and to the An 
Apes (Gorilla, Chimpanzee, ete.), discontinued the habit 
moving their ears, and hence the motor muscles 
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became rudimentary and useless. We still, however, possess 
them (Fig. 250). A fow individual men can evon move their 
cars forward or backward a little by the use of the forward 
musele (b) and the backward muscle (c); and by long 
practice these motions can be gradually increased. On the 
other hand, no man is able to erect the ear-shell by the 
upward muscle (cr), or to change its form by the little inner 
muscles of the ear (d, «6 fg). These muscles, which were 
very useful to our ancestors, have become entirely un- 
important to us, This is equally truce of Anthropoid Apes. 
We also share only with the higher Anthropoid Apes— 
the Gorilla, Chimpanzee, and Orang—the characteristic form 
of our human ear-shell, especially the rolled edge, the helix, 
and the ear-flap. The lower Apes, like all other Mammals, 
have pointed ears without the helix, and without ear-flaps. 
Darwin has, however, shown that in some men a short, 
pointed process, not occurring in most individuals, is per- 
coptible at the upper part of the folded rim of the car, In 
some few individuals, this process is very well developed. 
It can only be explained as the remnant of the original 
point of the ear which, in consequence of the folding of the 
edge of the ear, has been bent forward and inward 
(Cf. the similarly folded ear in the embryo of the Pig 
and Cow, Plate VII. Fig H ru.and 0 mr) On carefully 
comparing the ear-zhells of Man and of the various Apes in 
this particular, we find that they form a connected scries of 
retrograde steps. In the common catarhine ancestors of the 
Anthropoids and of Man, this retrogression began with the 
folding down of the ear-shell Tn consequence of this, the 
ear-edge was formed on which that significant comer 
appears, the last trace of the free prominent point of the ear 
35 
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in our older Ape ancestors. Thus it is possible even here, 
with the help of Comparative Anatomy, to trace this human 
organ from the similar but more highly-developed ongan of 
the lower Mammals, with certainty. At the same time, Com- 
parntive Physiology shows us that this ongan ia of more 
or less high physiological value to the latter, while im 
Anthropoids and Man it is a wseless rudimentary organ. 
Men with their cars cut off can hear as well as they did 
before, The conveyance of sound is not affected by the loss 
of the car-shell, This explains the great diversity in the 
form and size of the ear-shell in different persons; it shares 
this high degree of variability with other mdimentary 
organa!® 
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DEVELOPMENT OF THE ORGANS OF MOTION. 


The Motive Apparatae of Vertobrates.—Thees aro constituted ty the 
Poasive and Active Organs of Motion (Skeleton and Masclos)—Tho 
Biguificance of the Entornal Skeleton of Vertebrates —Structury of the 
Vertebral Colamn.—Formation and Namber of the Vertobras—The Ribs 
and Hireast.bone.—Germ-history of the Vertebral Colnmn,—The Noto. 
chonl.—The Primitive Vertebral Platet—The Formation of tho Mota. 
mora.—Certilaginons and Tony Vortebre.—Intervortobral Dises,— 
Head-skoloton (Skull and Gillearchor),—Vertebral Thoory of tho Skull 
(Goethe and Oken, Huxley aud Gexenbour)—Peimitive Skull, or 
Primoniial Cranium.—Its Formation from Nine or Ton Coalescent 
Metamera.—Tho Gill-acches (Riba of the Hend).—Bones of the Two 
Puire of Limba—Dovolopment of tho Five-toed Foot, adapted for 
Walking, from tho Many-tosd Fin of the Fish—The Primitive Fin 
of the Sclackians (Archipteryyiwn of Gegeubanc).—Transition of the 
Finnato into the Semi-pinnate Fin—Atrophy of the Rays or Tocs 
of the Fins—Many.fingornd and Fivo.fingered Vertobeataa—Com. 
Farieon of the Antorior Limbs (Vootoral Fins) and the Postorior Limbs 
(Ventral Fins).—Shouldor Gindlo and Pelvis Girdle. —Germ-hiatory of 
tho Limbs.—Dorelopment of tho Muscles, 




















“Tn forming his ostimato of my entire theory, tho reador may bogin with 
the dotails and examine the fandamental facts on which I haw my cun- 
lusions, Tut it is equally nooossury to connoct tho dotached facta, and 
‘extimute their bearing on the whole, He who in the world of organiams aces 
‘only discomected existences, iu which somo organic elmilaritics appear as 
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\ 
accidental coincidences, will remain @ stranger to the resulta of this 

investigation; not morely becanse he does not comprehend the conctas 

sions, but principally because the significance of the facts on which they 

re gronnded, exeapes him. A fact in iteelf ix no more m soientific rowel, 

‘than a mere collection of facta ia acionce. That which mnkon @ nelence 

of these facts, is their combination by that organising mental facaley whiek: 

determines tho relations of the facts to euch other."—Kaxi Geonxmate 

(1872). 


Anox those features of the organization which are specially — 


characteristic of the vertebrate tribe as such, the peculiar 
arrangement of the motive apparatus, or " locomotorium,” 
undoubtedly oceupics a principal place. As in all the f 
higher animals, the active organs of motion, the muscles, 
form the most important part of this apparatus; these are 
the fleshy bands whieh, by means of their peculiar contrac- 
tibility, of their power of contracting and shortening, move 
the various parts of the body, and thus change the position 
of the entire body. The arrangement of these muscles is, 
however, ontirely peculiar in Vertebrates, and diffors from 
the arrangement common to all Invertebrates. 

In most lower animals, especially in Worms, we find 
that the muscles form a simple, thin flesh-layer immediately 
below the outer skin-covering. ‘This “skin-muscle pouch ™ 
is most intimately connected with the skin itself, and the 
sarne feature occurs in the tribe of the Soft-bodied Animals 
(Mollusox), In the great group of the Articulated Animals 
(Arthropoda), in the Crab, Spider, Centipede, and Insect 
classes, we also find a similar feature, but with the difference: 
that in these the skin-covering forms a hard coat of ronil ; 
an inflexible skin-skeleton, formed of chitine, and often of 
carbonated chalk. This outer chitinous coat of mall is 
jointed in a great variety of ways both on the trank and 
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on the limbs of Articulated Animals, and the museular 
system) the contractile fleshy bands of which are attached 
to the inside of the chitinous tubes, is correspondingly 
jointed in an extromely varied manner, The case is exactly 
reversed in Vertebrates, In these alone an internal hard 
skeleton develops; an inner cartilaginous or bony frame 
to which the fleshy muscles are externally attached, and in 
which they find a firm support. This ony frame forms a 
combined lever-apparatus, a passive apparatus of motion, 
The hard parts of this, the arms of the lever, or the 
bones, are moored against each other by the active movable 
muscular bands, as by hawsers. This admirable locomotive 
Apparatus, and especially its firm central axis, the vertebral 
column, is quite peculiar to Vertebrates, on account of which 
the whole group has long been called that of Vertebrates. 
This internal skeleton, notwithstanding the similarity of 
its first rudiment, has, however, developed so variously and 
characteristically in the different vertebrate classes, and in 
the higher classes forms so complex an apparatus, that 
Comparative Anatomy finds one of its richest wines in this 
feature. ‘This was rocognized as long ago as the beginning 
of the century by the older Natural Science, which at once 
seized these very welcome materials with peculiar pleasure, 
‘That ecience also, which is now called in the higher and 
more philosophical sense, "Comparative Anatomy,” has 
reaped its richest harvest from this field. The Comparative 
Anatomy of the present day has studied the skeleton of 
Vertebrates more thoroughly, and revealed the laws of its 
formation more successfully, than has been the case with 
any other system of organs of the animal body. Here tho 
well-known and oft-quoted passage, in which Goethe 
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summed up the gencral result of his investigations: oi ‘Mor- 
phology is especially appropriate: 


' All forms have a resemblance; none ts the same os 
And their choras complet» points to a myxtical tnw,"* 


Now that, by the Theory of Descent, we have discovered 

this “ mystical law,” have solved this ‘sacred enigma,” now 
that we can explain tho similarity of forms by Heredity, 
and their dissimilarity by Adaptation, we can find no 
weapon in the whole rich arsenal of Comparative Anatomy 
which defends the truth of the Theory of Descent: more 
powerfully than the comparison of the internal sk 
of the various Vortebrates, We may, therefore, 
@ priori that such comparison is of special importance in 
our History of the Evolution of Man. The inner vertebrate 
skeleton is one of those organs as to the Phylogeny of 
which Comparative Anatomy affords us conclusions far 
more important and deeper than those to be gained frum 
its Ontogeny. 

More than any other system of organs, the internal 
skeleton of Vertebrates, when studied comparatively, 
and immediately improases the observer with the —- 
of the phylogonetic connection between these allied and yet 
very varied forms. A thoughtful comparison of the 
frame of Man with that of other Mammals, and of these 
again with that of lower Vertebrates, is alono sufficient to 
afford conviction of the true tribal relationship of all 
Vertebrates All the separate parts of which this bony 
frame is composed appear in other Mammals, in a groat 





© © Allo Geetalten #ind abntich, doch keine gleichet dor anders 
Und wo deutot der Chor auf vin goboimes Geeots.* 
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variety of forms indeed, but yet in the same characteristic 
arrangément and relative position; and if the comparison 
of the anatomical conditions of the skeleton is carried out 
below Mammals, we can ‘prove that a direct and uninter- 
rupted connection exists throughout between these various 
forms which are apparently so utterly unlike, and ean 
finally be traced from a most simple, common, fundamental 
form, These facts alone must fully convince every ad- 
herent of the Theory of Development that all Vertebrates, 
including Man, must be traced from a single common 

t-form, from # Primitive Vertebrate; for the mor- 
phological features of the inner skeleton, and of the mus- 
eular system which stands in the closest correlative rela~ 
tions to it, are of such a kind that it is quite innpossible 
to conceive a polyphyletic origin, a descent from several 
different root-forma, It is impossible, on mature reflection, 
to accept the theory that the vertebral column with its 
various appendages, or the skeleton of the limbs with their 
variously differentiated parts, could have originated on 
several occasions during the course of the earth’s history, 
and that, consequently, the various Vertebrates must be 
referred in various lines of descent from Invertebrates, 
Indeod, it is exactly in this point that Comparative Anatomy 
and Ontogeny irresistibly drive us to the monophyletic 
conelusion, that the human race is a very recent offehoot 
cof the same great single trunk, from branches of which all 
other Vertebrates have also sprung, 

Tn order to obtain a view of the outlines of the develop- 
mentof the human skeleton, we must first take a general 
survey of its arrangement in the developed Man (Cf. 
Table XXXIV. and Fig. 251, the human skeleton from the 
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Pio, 253.— 
Haran vertebral 
colnmn (in an up. 
right position; 
from the right 
wide), (After H. 
Moyer.) 
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right side (without arms); Fig. 
entire skeleton from the front) 
as in all other Mammals, the ske 
primarily distinguishable into the 
skeleton, or spine, and tho skeleton 
appendages, or the bony frame of the 
‘The spine consists of the vertebral | 
and of the skull; the latter being 
liarly modified anterior part of the 
‘The ribs are the appendages of the 
column; the tongue-bone (oa linguen), # 
lower jaw, and the other products of 
gill-arches, are those of the skull 
skeletons of the two pairs of limbs, or 
tromities, are composed of two di 
parts: of the bony frame of the actual, 
minent extremities, and of the inner 
skeleton, by which tho limbs are att 
to the vertebral column. The girdle 
ton of the arms (or fore limbs) is 
shoulder girdle; the girdle skeleton of 
legs (or the hind limbs) ix the pr 
ginile. 

Tho bony vertebral column in 
beings (columna vertebralia, or 
rium, Fig. 253) is composed of # 
or thirty-four cireular pieces of bé 
lie one behind the other (one 
other in the usual upright g 
man). Theso bones (vertebra) 
rated from each other by 
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the intervertebral dises (ligamenta intervertebralia), and 
at the same time, are connected by joints, so that the 
entire vertebral column forms a firm and solid axis, which 
ix, however, flexible and clastic, capable of moving freely 
in all directions. In the various regions of the trunk, 
the vertobre differ in form and connection, so that the 
following are distinguished in the human vertebral column, 
beginning from above: seven neck-vertebres, twelve breast- 
vertebre, five lumbar-vertebrin, five cross-vertebre, and 
four to five tail-vertebre. ‘The uppermost, those directly in 








Fic. 254 —Thied nock-vertobra of man. 
Pio. 255.—Sixth broast-vortebra of man. 
Pio, 258.—Second lumbar-rertebra of man, 





contact with the skull, are the neck-vertebre (Fig. 254), 
and are distinguished by a hole found in each of the 
two lateral processes, There are seven neck-vertebre in 
Man, as in nearly all other Mammals, whether the neck 
is long, as in the Camel and the Giraffe, or short, as in the 
Mole and the Hedgehog, The fact that the number of these 
neck-vertobne is always seven,—and there are but fow 
exceptions (explicable by adaptation),—is strong angu- 
ment for the common descent of all Mammals; it can only 
be accounted for as a strict transmission from a common 
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tion, it would have been far more to the purpose to Th 
farnished the long-necked Mammalia with a larger, and 
short-necked with « smaller number of neck-vertebre, — 
neek-vertebre are immediately followed by those of the 
or thorax, which, in Man and most other Mammals, num 
twelve or thirteen (usually twelve). Attached to the 
of cach broast-vertebra (Fig, 255) is a pair of rib 
curved processes of bone lying in and sopportiog Ut 
the thorax. The twelve pairs of ribs, with the conne 
intercostal museles and the breast-bone (sterwm) co 
the breast-body (thorax, Fig. 252, p. 279) In this 
and yet firm thorax lie the double lung, and between the 
two halves of this, the heart. The chest-vertebre 
followed by a short but massive section of the vertebn 
column, formed by five lange vertebre, These are tf 
lumbar-vertebre (Fig. 256), which bear no rite and h A 
no porforations in their lateral processes, Next comes the 
eross-bone (sacrum), which is inserted between the two 
halves of the pelvic girdle. This cross-bone consists of five 
fixed and amalgamated cross-vertebne. Last comes a small 
rudimentary tail-vertobral column, the rump-bone (eoee 
‘This bone consists of a varying number (usually four, mo 
rarely three or five) of small aborted yertebre; it is 
nscless rudimentary organ, retaining no physiological 
nificance either in Man or in the Tail-less Apes or 
poids. (Cf Figs 206-208) Morphologically it is, 
very interesting, as affording incontrovertible evidence o 
the descent of Man and of Anthropoids from Long-tail 
Apes. For this assumption affords the only po 
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explanation of this rudimentary tail, In tho haman 
embryo, indeed, during the earlior stages of germ-history, 
the tail projects considerably. (Cf Plate VIL Vig. Mu, 
and Figs. 123, s, 124, s, vol. i. p. 870.) Ib afterwards becomes 
adherent, and is no longer externally visible. Yet traces 
of the aborted tail-vortebre, as well as of the rudimentary 
muscles, which formerly moved them, persist throughout life. 
Aceonding to the earlier anatomists tho tail in the female 
human being has one vertebra more than that of the male 
(four in the latter, five in the former). 










Dumber of Terlebres tm various Catarhint, 











Man (Vig. 208)... 7 |w|s5|6 | 4| a 
tail. | Orwne (iin 205)... 7 |) 5] 4] 5] as 
foes} G@ibbon (Fig. 208) 7 \)13) 6] 4] 3| as 
Gorilla (Pig. 207) «. 71 )/wl]s] 4a] 6| 9 
‘Chimpanzee (Pig. 205) 7 | m] 4s] 4] 6] 
Mandril (Mormon choras) 7)13|6|2)| 5] 
Del (Hlornon leurephrws) 7 | 12) 7) 3 | 8] 87 
oilod | Rhosus (Fnuua rhesus) . 7) 12)] 7 | 2 | 18] 46 
Sphinx (Papo ophine) 7 |13| 6 | 3 | 2] oa 
Bimpai (Semnopitlecus molus) | 7 | 12) 7 | B | a | Go 





‘The number of yertebne in the human vertebral column 
is usually thirty-three in all; but it is an intoresting fact 
that this number frequently varies, one or another vertebra 
failing, or a new, supernumerary vertebra inserting itself. 
Not unfroquently, also, a rib, eapable of free motion, forms 
‘on the last neck-vertebra or on the first lumbar-vertebra, so 
that thus thore are thirteon breast, and six neck, or four 
lambar yertebre. In this way contiguous vertebrw in the 
different sections of the vertebral column may replace each 
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other. On the other hand, the above comparison of the 
number of vertebra in different tail-less and tailed Catarhines 
shows considerable fluctuations in these numbers even in 
this one family27 

To understand the history of the development of the 
human vertebral column, we must now study the form and 
combination of the vertebrm in somewhnt greater detail. 
‘The main outline of each vertebra is that of a signet ring 
(Figs. 254-256), The thicker part, which faces the ventral 
side, is called the body of the vertebra, and it forms a short 
dise of bone; the thinner forms a semi-cireular arch—the 
vertebral arch, which is turned toward the dorsal side of the 
body. The arches of all the consecutive vertebrie are 80 con- 
nected by thin ligaments (ligamenta intercruralia) that the 
space enclosed by them all in common forms a long canal. 
In this spinal, vertebral canal lies, as we have seen, the hind 
portion of the central nervous system, the spinal marrow. 
The front part of this, the brain, is enclosed in the skull- 
cavity, and hence the skull itself is merely the anterior 
section of the vertebral column, modified in a peculiar way, 
The base or ventral side of the bladder-shaped brain-capsule 
was originally formed by a number of coalescent vertebral 
bodies, the amalgamated upper vertobral arches of which 
formed the arched or ventral side of the skull. 

While the firm, massive vertebral bodies constitute the 
true central axis of the skeleton, the dorsal arches serve to 
enclose and protect the central marrow. Analogous arches 
also develop on the ventral side as a protection for the 
thoracic and abdominal viseera. These inferior or ventral 
vertebral arches, proceeding from the ventral side of the 
vertebral bodies, form a canal in many low Vertebrates im, 
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which are enclosed the large blood-vessels on the under 
surface of the vertebral column—the aorta and the tail vein. 
In higher Vertebrates most of these inferior vertebral archos 
are lost or become merely rudimentary. But in tho breast 
section of the vertebral column they develop into strong, 
‘independent bony arches, the ribs (cost). The ribs are, in 
fact, merely large vertcbral arches which have become 
independent, and have broken their original connection 
with the vertebral bodies. The gill arches, of which we 
have spoken so often, are of similar origin; they aro actual 
hhead-ribs in the strictest sonse—processes which have 
actually originated from the lower arches of the skull- 
vertebre, and which correspond with the ribs, Even the 
‘mode of connection of the right and left halves of the arches 
on the yentral side is the same in both instances, The 
chest is closed in front by the intervention, between the 
upper ribs, of the breast-bone (slernwm)—a single bone 
originating from two corresponding side-halves, ‘The gill- 
‘ody is also closed in front by the intervention of a single 
piece of bone—the copula Lingualis, 

In now turning from this anatomical examination of the 
constitution of the vertebral column to the question of its 
development, | may, as regards the first and most important 
features in the evolution, refer the reader to the explanation 
already given of the germ-history of the vertebral column 
(Chap. XIL, vol. i. pp. 369-378). In the first place, it is ne- 
cessary to recollect the important fact that in Man, as in all 
other Vertebrates, a simple, unarticulated cartilaginous rod 
at first occupies the place of the articulated vertebral column. 
‘This firm but flexible and clastic cartilaginous rod is the 
well-known notochord (chorila dorsalis), In the lowest Ver- 


eee 


bone 
































286, THE EVOLUTION OF MAN. 


tebrate, the Amphioxus, this persists throughout life in 
very simple form, and permanently constitutes the whol 
intsrnal skeleton (Fig. 151, i,vol. i. p. 420; Plate XL Fig. 15 
But even in the Mantle Animals (Tunicata), the neare: 


chord; transitorily in the transient larval tail of A 
(Plate X. Fig. 5, ch); permanently in the Append 
(Fig. 162). The Mantle Animals, as well as the 
have undoubtedly inherited the notochord from a 
worm-like parent-form, and these primeval worm ane 
are tho Chorda Animals (Chorlonia, p. 91). 
Long before any trace of a skull, limbs, ete, appears inthe 
“human embryo or in that of any of the higher Vertobn 
in that carly stage when the whole body is represented 
- by the lyre-shaped gorm-dise—in the © 
tral line of this latter, directly ander 
primitive groove ar medullary furrow, 
pears the simple chorda dorsalix (CL Pigs 
84-87, vol. i pp. 297, 298, surface vided 
Figs. 66-70, 89-93, transverse section ; lee! 
Plates IV, V.,ch.) As a cylindrical chord it 
traverses the longitudinal axis of the body, — 
and is equally pointed at both ends ‘The 
cells which compose the chord (Fig, 257, ’ 
Fie. 267.—Por- come, in common with all the other cells 
(heigdeauyat he skeleton, from the skcin-fbrous 1a 
an eaibryo sheep: They most resemble certain cartilage cells 
@ shoaths beclls 9 special “chordal tissue” is often said to. 
exist bat this must not be regarded as 





early period the notochord envelopes itself in a struct 
sheath (a) as clear as slass, which is secreted by its coll 
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This perfectly simple, inarticulate, primary axial 
skeleton is soon replaced by an articulated, secondary 
axial skeleton, called the “vertebral column.” On each side 
of the notochord the primitive vertebral bands or primitive 
vertebral plates (vol. i p.306, Fig. 92, ue) differentiate from 
the inner portion of the skin-fibrous layer. The inner part 
of these primitive vertebral bands, which immediately sur- 
rounds the notochord, is the skeleton-plate, or skeleton 
stratum (i.¢, the cell-layer forming the skeleton), which 
furnishes the tissue for the rudiments of the permanent 
vertebral column and of the skull. In the anterior half 
of the body the primitive vertebral plate remains a simple, 
continuous, unbroken layer of tissue, and soon expands into 
a thin-walled vesicle, which surrounds the brain; this is the 
primordial skull. In the postorivr half, on the contrary, 
the primitive vertebral plate breaks up into a number of 
homologous cube-shaped pieces, lying one behind the other, 
these are the several primitive vertebre. The number 
of these is at first very small, but soon increases, as the 
germ grows in the posterior divection (Figs. 258-260, ww), 
‘The first and carliest primitive vertebrae are the foremost 
nock-vertebre: ; the posterior neck-vertebre then originate ; 
thon the anterior breast-vertebrm, ote, The lowest of the 
tail-vertebras ario last. This successive ontogenetic growth 
‘of the vertebral column in a direction from front to rear 
may be explained phylogenetically by regarding the many- 
membered vertebrate body as a secondary product, which 
has originated from an originally inarticulate parent-form 
by progressive metameric development, or articulation. 
Just as the many-membored Worms (Earth-worm, Leech) 
and the closely allied Arthropods (Crabs, Insects) originally 
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Fros, 2£8-260.—Lyreahapod geem-shield of a Chick, in three contequtive 
stages of development ; soon from the dorsal sido; enlarged about twonty 
times. Fig. 258, with six pairs of primitive vertebew. The brea fa samme 
le bindder (4b). ‘The splaat furrow from = romaine wide open ; tabled, at 
#, it is moch enlarged. mp, Marrow.plates; ide-platos ; yf, Fimit tee | 
twoon the pharynx cavity (+h) and the hoad-intostino (et). Big. 258, with 
ton pairs of primitive vertebre, ‘The brain hue separated into three 
Dindders: 1, fore-tain: m, midbrain; hy hind-brainy ¢, hearts de, elie 
veins. ‘Tho spina) furrow ix still wido open (2). mp, 2m 
Pig. 200, with aixtoon pairs of primitive vertobrwn. ‘Tho brain hes separated 
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into five bladders; » fore-brain; =, twixt-brains m, mid-bmin; }, hind. 
henin; , aftorbrain; a, eyernsiclox; g, enrvosioles; ¢, hoarts dy, yolks 
‘veins; mp, marrow.plato y uw, primitive vertebra, 


developed from an inarticulate worm-form by terminal 
budding, so the many-membered vertebrate body has 
originated from an inarticulate parent-form, The nearest 
extant allies of this parent-form are the Appendicularia 
(Fig. 162) and tho Ascidian (Plate XI Fig, 14), 

As has been repeatedly pointed out, this primitive 
vertebral, or metameric structure has a very important 
bearing on the higher morphological and physiological de- 
velopment of Vertebrates. (Cf. vol.i.p.346.) For the articu- 
lation ix by no means confined to the vertebral column, but 
equally affects the muscular, nervous, vascular, and other 
systema. As is shown by the Amphioxus, the metameric 
structure appeared much earlier in the muscular than in 
the skeleton system. Each so-called primitive vertebra is 
in fact far more than the more rudiment of a future verte- 
bra, In cach primitive vertebra cxists the rudiment of a 
segment of the dorsal muscles, of a pair of spinal nerve- 
roots, ete, Only the inner portion—that which lies directly 
next ta the notochord and the medullary tube—is employed, 
as the skeleton-plate, in the formation of actual vertebrie. 
We have alrendy seen how these true vertebrwe develop from 
the skeleton-plate of the primitive vertebrae or metamera, 
‘The right and loft lateral balves of cach primitive vertebra, 
originally separate, unite. The ventral edges, meeting below 
the medullary tube, surround the chord and thus form the 
rudiments of the vertebral bodies ; the dorsal edges, meeting 
above the medullary tube, form the first radiments of the 
yortebral arches. (Cf. Figs. 95-98, and Plate IV. Figs. 3-8.) 
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In all Skutled Animals (Craniota), most of 
undifferentiated cells which originally const 7 
skeleton-plate, afterwards change into cartilage cells, 


= 


secrets a firm, clastic “nla 


pass inte a cartilaginous 
in the higher Vertebrates, the 


ginous tiseue is afterwards 





be Te Tho original axis of the vertebral G 


human ombryoof vight the notochord, is more or leas p 
Tatnal ae" by the cartilaginous tissue which 
pelteomt vedi pioneered et a - on 5 
z brates (ie, in Primitive cs) 
edhe! ca or less eonsiderable portion of the ne 
kee) chord remains within the vert 
bodies In Mammals, on the contrary, it disappears alt 
entirely, In the human embryo, oven at the end of 
second month, the notochord is seen only as a thin @ 
whieh passes throngh the axis of the thick cartilagino 
tebral column (Fig. 261, oh). In the cartilaginous ve 
bodies themselves, which afterwards ossify, the thin n 
of the notochord (Kig, 262, ch) soon disappears entirely, 
remnant remains, however, throughout life in the 
“intervertebral dises” which develop, from the 
plate, between cach pair of vertebral bodies (Fig: 261, 
Tne new-born child, a large, pear-shaped cavity, filled 
gelatinous coll-mass, is visible in each intervertebral 
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(Fig. 263, a). ‘This “ gelntinous nucleus” of the elastic ver- 

disc becomes less sharply defined, but persists 
ghout life in all Mammals, while in Birds and Rep- 
even the last remnant of tho notochord vanishes, 





‘Fie, 262.—A breaat.vortebra of tho same ombryo in lateral eross.section: 
, cartilaginons rortebral bodies; ch, notochord ; pr, snare proces; 
@, vertebral arch (upper); ¢ uppor ond of rib (lower aveh). (After 
De) 
? . 23.—Intervertebral diso of now-born child in cross-section: 
” aun e the notochord. (After Koelliker.) 


When the cartilaginous vertebrae afterwards ossify, the first 
of bone-substance (the first “bone-nucleus") in 
the vertebral bodies is formed immediately round the rem- 
nant of the notochord, and soon completely displaces the 
latter. A special bone kernel or nucleus is then formed in 
ench half of the cartilaginous vertebral arch, It is not till 
after birth that the ossification progresses so far that the 
three bone-nuclei approach each other. ‘The two bony 
halves of the arch unite during the first year, but it is not 
till much later, till between the eighth and the twelfth 
year, that they unite with the bony vertebral body. 
The bony skull (cranium), which must be regarded as 


hi a 
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the foremost, peeuliarly modified section of the =e 
column, develops in an exactly similar manner. Just 
in the spinal column, the vertebral canal envelopes and ae 
tects the dorsal marrow, so the skull forms a bony 
round the brain; and, as the brain is morely the anterjon 
peculiarly differentiated portion of the dorsal marrow, we 
might conclude on 4 priori grounds, that the bony envelope 
of the brain is a peculiar modification of that of the 
marrow, It is true, that if the developed human skull 
(Fig. 264) is considered by itself, it is impossible to under 
stand how it can be merely the modified anterior portion of 
the vertebral column. It is a complex, eapacious bony 
structure, consisting of no leas than twenty bones, differing 
widely in form and size, Seven of | 
these skull-bones constitute ‘the 
spacious case which encloses the | 
brain, and in which we distis 
the strong, massive floor of the skull 
(basis cranii) below, and the 
boldly arched roof of the 
Fro, 264—Human wkuit, (fornie eranit) above, The 
from the right side. thirteen bones form the “facial 
skull; which especially provides the bony. envelopes of 
the higher sense-organs, and at the same timo as the jaw= 
skeleton, encircles the entrance to the intestinal 
The lower jaw (usually regarded as the twenty. 
skull-bone) is jointed to the skull-floor, and behind 
embedded in the roots of the tongue, we find the 
bono, which, like the lower jaw, has originated from the 
gill-arches, together with a portion of the lower arch, whieh 
originally developed as “skull-ribs” from the ventral aa | 


of the skull-floor, 
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Although, therefore, the developed skull of the higher 
* Vertebrates, in its peculiar form, its very considerable size, 
and its complex structure, seems to have nothing in 
 gommon with ordinary vertebres, yot the old comparative 
anatomists at the close of the eighteenth century correctly 
_ believed that the skull is originally merely a series of 
modified vertebrae, In 1790, Gocthe “picked up out of the 
sand of the Jews’ burying-ground among the downs near 
Venice, a dismembered skull of a sheep; he at once per- 
waived that the face bones (like the three vertebra: of the 
‘back of the skull) are also derivable from vertebrm," And, 
in 1806, Oken (without knowing of Goethe's discovery), at 
Lsenstein, on the way to the Brocken, “found a beautifully 
leached skull of a hind; the thought flashed through him, 

Tt is a vertebral column!" 1” 

_ For the last seventy years, this celebrated “ Vertebral 
‘Thoory of the Skull" has interested the most prominent 
zoologists; the most important representatives of Compara- 
tive Anatomy have exercised their ingenuity in attompting 
to solve this philosophical skull-problom ; and tho question 
has engaged attention in yet wider circles. It was not till 
1872 that the solution was found, after seven years of 
labour, by the comparative anatomist, who, both in the 
wealth of his real empirical knowledge and in the pro- 
fandity of hix philosophic speculations, surpasses all other 
students of this science Karl Gegonbaur, in his claasio 
“Researches in the Comparative Anatomy of Vertebrates” 
{third part), showed that the skull skeleton of the Seluchii 
is the only record which affords definite proof of the verte- 
‘bral theory of the skull, Earlier comparative anatomists 
erred in starting from the developed mammalian skull, and 
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in comparing the several component bones with the sep 
parts of vertebrae; they supposed that in this way 
could prove that the developed mammalian skull 
of from three to six original vertebre, The bit 
these skull-vertehne was, according to them, the 
bone, A second and a third vertebra were represented 
the sphenoid bone, with the parietal bones, and by t 
frontal bone, ete. The clements of anterior skull vertel 
were even supposed to exist in the face bones In op 

tion to this view, Huxley first called attention to the 4 
that in the embryo this bony skull originally. d 
from a simple cartilaginous vesicle, and that in this sim 
cartilaginous “ primitive skull" not the slightest tree 

constitution of vertebrate parts is visible This 9 equ 
tre of the skulle of the lowest, and most ancient § 


these tho skull retains throughout life the form of a 
cartilaginous capsule—of an inarticulate “ primitive 
primordial skull” If the older skull-theory, as it 
accepted from Goethe and Oken by mast comparatis 
anatomista, were correct, then in these lowest Sku 
Animals especially, and in the embryos of the higher Ski 
Animals, the constitution of the “primitive skull” by 
sericea of “ akull-vertebrs” would be very clearly evident 
This simple and obyious consideration, fimt duly 
phasized by Huxley, indeed overturns the famous “ Vor 
brate Theory of the Skull,” as held by the alder com) 
anatomists, Yet the entirely correct fundamental id 
holds good, i, the hypothesis that the skull develope fi 
the anterior portion of tho spinal column by differen! 
and peculiar modification, just as the brain develope 
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the anterior portion of the dorsal marrow. But the true 
mode of empirically establishing this philosophic hypothesis 
was yet to be discovered; and this discovery we owe to 
Gegenbaur’” Ho was tho firat to omploy the phylogenctic 
method, which, in thia as in all morphological questions, 
leads most surely and quickly to the result. He showed 
that the Primitive Fishes (Selachii, Figs. 191, 192, p. 118), 
as the parent-forms of all Amphirhina, yet retain per- 
manently in their skull-strueture that form of primordial 
skull, from which the modified skull of the higher Vorte- 
brates, and therefore that of Man, has developed phylo- 
genetically, He also pointed out that the gill-arches of the 
Selachii show that their primordial skull was originally 
formed of a considerable number—at least nine or ten— 
primitive vertebre, and that the brain-nerves, which branch 
from the base of the brain, entirely confirm this, These 
brain-nerves—with the exception of the first and the second 
pairs (the olfactory and the optic nerves)—nre merely modi- 
fied spinal nerves, and, in their periphorie distribution, 
essentially resemble the latter. The Comparative Anatomy 
‘of these brain-nerves is one of the atrongest arguments for 
the newer vertebral theory of the skull. 

Tt would lead us too far aside if we were to enter into 
the particulars of this ingenious theory of Gegenbaur, and 
T must content myself with referring to the great work 
already quoted ; in it the theory is fully demonstrated by 
empirical and philosophical arguments, The same author 
has given a brief abstract in his “ Outlines of Comparative 
Anatomy” (1874), the study of which it is impossible to 
recommend too highly. In this work Gegenbaur indi- 
ates as original “skull-rils” or “lower arches of skull- 

36 
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vertebrar,” in the selachian skull (Fig. 265), the following 
pairs of arches: I. and TT. are two lip cartilages, of which 
the anterior (a) consists only of an upper, and the inferior 
(be) of an upper and a lower piece; IIL, the jaw-arch, 
which also consists of two pieces on each side,—viz., the 
primitive upper jaw (08 palato-quadratum, 0) and ‘the 








¥10, 265,—Hlead skeleton of » Primitive Fish: m nowe-groote: eff, regia 

+ la, wail of earnbyrinth : see, eeeipétal 

jertobral cctamn ¢ 0, front ; be, hig Bip 

(paloto quedrotum); % primitive lower 

jan; Tl, tevgvencch; IIL-VIIL, fire to sixth gillarches. (After Gegem 
bane) 





primitive lower jaw (u); IV.,the tongue arch (IL), and V.to- 
X,, six truo gill arches, in the stricter sense of that term 
(II.-VIIL), Tho anatomical features of these nine or ten 
akull-ribs, or “lower vertebral arches,” and of the brain 
nerves distributed over them, show that the apparently 
simple, cartilaginous “primordial skull” of the Primitive 
Fishes originally develops from an equal number (nine at 
the least) of primitive vortobrw. The base of the skull is 
formed by the vertebral bodies ; the roof of the skull by the 
upper vertebral archee. The coalescence and amalgamation 
of these into @ single capsule is, however, eo ancient, that 
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their primordial separate condition now appears effaced by 
the action of the “law of abridged heredity," and is no 
longer demonstrable im the Ontogeny. 

In the human primitive skull (Fig. 266), and in that of 
all higher Vertebrates, which has been modified, phyloge- 
netically, from tho primitive skull of the Selachii, five con- 
socutive divisions are visible at a certain early period of 
development; these one might be tempted to refer to five 





Pro, 266—Primitive skull of human 
embryo of four wookss vertical section, 
tho loft half soon from the inside > v, =, 
my yw the fivo grooves in the akull 
cority, in which lie the five beain-bladders 
(forebrain, twixt-brain, mid-brain, hind. 
brain, aftor-trnin); 0, pear-shaped pri- 
mary oar-rosiole + 3,070; mo, optio nerve ; 
p, canal of the bypophysiet; t, contral 
part of the cranial basis, (After Keetlikcer.) 





original primitive vertebre; they nre, however, merely the 
result of adaptation to the five primitive brain-bladders, 
and, like the latter, they rather correspond to a langer 
number of metamera. Tho fuet that the primitive verte- 
brate skull ia a much modified and profoundly transformed 
organ, and by no means a primitive structure, is also evi- 
dent in the circumstance that its radiment, originally a soft 
membrane, commonly assumes the cartilaginous state only 
at its base and on the sides, while it remains membranous 
at the skull-roof Here the bones of the later bony skull 
develop in the soft membranous rudiment as an external 
bony roof, without a previous intermediate cartilaginous 
stato, as in the base of the skull. Chua a great part of the 
skull-bones originally developed ns roof-bones from the 
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leather-skin (corium), and only secondarily, come into closer 
relations with the skull. How, in Man, this most simple and 
primordial rudiment of the primitive skull develops, onta- 
genetically, from the head-plates, and how, in the mean- 
time, the anterior extremity of the notochord is enclosed in 
the base of the skull, has already been explained (C£ 
vol. i. p. 878; Pigs. 145 and 146, p. 393.) 

‘The main features in the history of the development of 
the gill-arches, which must now bo regarded as elcull-ribs, 
has been told. Of the four original rudimentary gill-arches of 
Mammals (Plates L and VII., Figs. 232-236, p. 248), the first 
lies between the primitive mouth-opening and the first gill. 
opening. From the base of this gill-arch the “upper jaw 
process" develops, and this unites, in the manner already 
described, with the internal and the external nazal processes 
on each side, and forms the chief parts of the upper jaw sleele- 
ton palate-bones, wing-bones, eta. (Cf. p.245 and 268) The 
rest of the first gill-arch, now distinguished as the “lower-jaw 
process,” forms outof its base two car bonelets—the hammer 
(malleus) and the anvil (now); the rest of its mass become 
along strip of cartilage, called, after its discoverer,“ Meoket's 
cartilage” On the external surface of this cartilage origin 
ates, as 1 surface-bone (formed of cellular matter from the 
leather-plate), the permanent bony lower jaw. From the 
base of the second gill-arch in Mammalia originate the 
third ear bonelet, the stirrup (stapes), and from the subse 
quent parts, in order, the stirrup-muscle, the styloid process of 
the temporal bone, the styloid band, and the small horn of the 
tongue-bone. Finally, the third gill-arch becomes carti 
ous only at its anterior portion, and here, by the union of its 
two halves, is farmed the body of the tongue-bone (copula 
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Ayoidea) and its great horn on each side, The fourth gill- 
arch appears in the mammalian embryo only as a transient, 
rudimentary embryonic organ, and does not develop into 
special parts, OF the posterior gill-arches (the fifth and 
sixth pairs), which are permanent in the Primitive Fishes, no 
trace is visible in the embryo of higher Vertebrates, The 
latter have long been lost. The four gill-openings in the 
human embryo are also only interesting us transient rudi- 
mentary organs, which soon disappear entirely by concre- 
seence. The first gill-opening (between the first and second 
gill-arches) alone is of permanent importance; from it 
develops the drum, or tympanic cavity of the car, and the 
Eustachian tube. (Ci. p. 269, and Plate L, with explan- 
ation) 

Not only did Gegenbaur, in his model “Researches into 
tho Comparative Anatomy of “Vertebrates,” first correctly 
explain the skull and its relation to the vertebral column, 
‘but he also first performed the no lees weighty and interest- 
ing task of showing the phylogenetic derivation of the 
skeleton of the limbs in all Vertebrates from one primordial 
form. Fow parts of the body in the different Vertebrates 
are subjected, by adaptation to various circumstances, to 
such an infinite variety of modifications as the limbs, in 
point of size, form, and special fitness for certain purposes, and 
yet we are now able to refer them all to one common here- 
ditary form. Vertebrates are distinguishable as regards the 
structure of their limbs into three large main groups.) Tho 
lowest and most ancient Vertebrates, the slull-loss and jaw- 
Jess classes, like all their invertebrate ancestors, had no 
paired limbs; this condition is yet represented in the Am- 
phioxus and in the Cyclostomi (Figs, 189,190), The second 
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main group consists of the two classes of true Fishes, and of 
the Dipneusta ; in these, two pairs of Interal limbs, in the 
shape of many-fingered ewimming-fina—one pair of pectoral 
fins (the fore legs) and one pair of abdominal fins (hind legs) — 
are originally always present (Figs. 191, 192, Plate XE). 
Finally, the third main group embraces the four higher 
vertebrate classes: Amphibia, Reptiles, Birds, and Mammals; 
in these the same two pairs of logs exist originally, but in 
the form of five-fingered fect. The digits or fingers ars 
often fewer than five; sometimes, also, the fret are quite 
aborted. But the original parent-form of the entire group 
had anteriorly and posteriorly five digits (Pentadactylism, 
p. 128). 

‘As regards the Phylogeny of the limbs, from their 
Comparative Anatomy it appears, therefore, that the extre- 
mitiecs originated in the Fishes, in the Primitive Fishes 
(Selachié), and were transmitted from these to all higher 
Vertebrates (all the Amphirhina), first in the form of 
many-fingered fins, and afterwards as five-fingered feat 
(Figs. 267-272). The anterior extremity—the pectoral fin 
(or the fore leg)—is originally shaped precisely like the 
posterior extremity—the ventral fin (or the hind leg) In 
the one, as in the other, the true limb, externally promi- 
nent, is distinguishable from the internal, concealed girdle, 
by which tho limb is attached to the spinal column—the 
shoulder-girdle above, the pelvic girdle below. 

The genuine primitive form of the paired limbs, as ib 
existed in the most ancient of tho Primitive Fishes during 
the Silurian Period, occurs to this day in perfect preserva 
tion in the ancient Ceratodus, and very curious Mud-fish of 
Australia (p. 119, Plate XIL). In this, both the pectoral and 
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the ventral fin is a flat, oval paddle, in which we find a 
feathered or biserial cartilaginous skeleton (Fig, 267). 
This skeleton consists firstly of a strong, articulated fin-rod 
or “stem” (Fig, 267, A B), which extends fromi the base to 
the tip of the fin, and secondly, of a double row of thin, 
feathered rays (r7), which are attached to both sides of the 
central rod, like the pinme of pinnate leaf ‘This primi- 
tive fin, first recognized by Gegenbaur, and by him called 
tho Archipterygiwm, is attached to the spinal column by 
means of a simple girdle in the shape of a cartilaginous 
arch2 

In some Sharks and Rays, especially when very young, 
this same primitive fin also oceurs in a more or Jess modified 
form. But in most Primitive Fishes the fin is already 
essentially modified, in that the rays on one side of the stem 
are partly or altogether lost, and are retained only on the 
other side (Fig. 268). Henco arises the half-feathered, or 
uniserial fish-fin, inherited by the other fishes from the 
Sclachii (Fig. 269). 

Gogenbaur first showed how the five-fingered log of 
Amphibia is developed from this unisorial fin (Pig. 270) and 
is inherited by three classes of Amniota. In those Dip- 
neuste which were the ancestors of the Amphibia, the fin rays 
on the other side of the stem also were gradually degraded 
in development, and were in a great measure lost (the light- 
coloured cartilages in Fig. 269). Only the four lowest rays 
(shaded in Fig, 269) were retained ; and these are the four 
outer digits of the foot (second to fifth digits). ‘The first, 
or great digit (toe),on the contrary, originated from the 
lower part of the fin-rod. From the middle and upper parts 
of this fin-rod developed the long main stem of the limbs 
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Fito, 267.—Bones of pectoral fins of Certodus (Archipterygium, or 
bilataral pinnate skeleton) > 4H, seriex of cartilaginons pieces forming the 
ventral stom of the fin; rr, rays of the fin. (AMer Gtiathor.) 

‘Fro, 268, —Bones of peotoral flo of an carlicr Primitive Fish (Aosathiaa). 
‘Movt of the raya of the medial edge of the fin (B) hare disappeared) only 
a fow (f’) remain. RE, rays of the lateral edge of fa; mt, Motap. 
toryginm ; ms, Meaopteryzinm; p, Propterygium. (After Gegenbanr.) 

Fro. 269.—Bones of pectoral Gia of s more recent Primitive Fish, or 
Selachian. ‘The mys of tho modial odge of tho fin havo entirely dis. 

‘The shaded part on the right is that portion which develops into 
the five-fingered laud of higher Vertebrates (, the throo basal pioces of 
‘the fin; mt, Metapterygium ; rudiment of the hnmorus; ms, Mexoptery. 
gum; p, Propteryginm). (After Gogonbaar.) 

‘Fie, 270.—Bones of the fore-limb of on Amphibian: h, oppor arm 
(huiersa); Ty lower am (r, radiue; uy wna) 4,6 by root-bonos of tha 
hand, Srabruw (r.udial; i, intermodiale; o central; 4, olaary), 1,2, 8,4, 5, 
root-bones of tho hand, second row. (After Gogeubaur,) 

Fis. 271—Bonna of hand of Gorilln, (After Huxley.) 

Pro, 272.—Bonos of aman hand, seen from the back. (After H. Moyer.) 


which is so prominent in the higher Vertebrata ax the upper 
arm (or leg) (Fig. 270, v and u) and the lower arm (or 
leg, A). 

The many-fingered fish-fins thus gave rise, by a process 
of gradual reversion and differentiation, to the five-fingered 
amphibian foot, which occurs first in the Sozobranchia, and 
which, from them, bas been transmitted on the one hand to 
Reptiles, and to Mammals, up to Man, on the other (Fig. 272), 
Simultancously with the reduction of the number of the fin- 
rays to four, a further differentiation affected the fin-stem or 
rod; it became transversely divided into the upper and 
ower arms (or logs), and a modification took place in the 
girdle, which in the higher Mammals originally consists, 
both anteriorly and posteriorly, of three bones, The simplo 
arch of the original shouldor-girdle separates, on cach side 
into an upper (dorsal) piece—the shoulder-blade (scapula) 
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and a lower (ventral) picce; the anterior portion of 
latter constitutes the pro-key (or collar) bone (p 
dewm) and its posterior part the raven-bone (eora 
The simple arch of the pelvic girdle breaks up, eor 
ingly, into an upper (dorsal) pioco—the intestinal 
{os ilium), and a lower (ventral) piece; the anterior 
of the latter becomes the pubic bone (os pubis) and 
posterior portion the hip-bone (os ischii). Table XX 
p. 278, shows the correspondence of: these three p 
the pelvic girdle with those of the shoulder-girdle 
latter, however, in the key-bone or collar-bone (clavie 
possesses & fourth, wanting in the former. (CE Gi ur 

As in the girdle, so in the trunk of the limbs hac is 
originally an absolute agreement between the anterior 
posterior limbs. The first section of the tfunk ix 0 
by a singlo strong bono—in tho anterior limbs, the up 
arm (kwmerus); in the posterior, the upper leg 
The second section, on the other hand, contains two bon 
on the anterior extremity the spoke-bone (nedius, 
270,r), and the ell-bone (ulnar, Fig. 270, 1); in the po 
the two corresponding bones, the shin-bone (tibia) 
calf-bono (jibula). (Cf skeletons in Fig. 196 and 
204-208) Moreover, the subsequent small and mt 
bones of the wrist (carpus) and of the ankle (tareus) co 
respond; so do the five bones of the middle of the h 
(metacarpus) and of the middle of the foot (metat 
Finally, the same is true of the five digits attached to ‘theo 
parta, which in their characteristic structure of a series of 
bone-pieces correspond in the anterior and posterior limbs. 
Charles Martins, of Montpellier, an excellent morphologist 
has shown that, in detail, tho anterior and posterior limbs: 
correspond 
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As Comparative Anatomy thus shows that the skeleton 
of the limbs in Man is composed of the same bones, and in 
the same manner as the skeleton in the four higher verte- 
brate classes, we may justly infer their common descent 
from a single parent-form. This parent-form was the most 
ancient Amphibian possessing five digits both on the fore 
and on the hind limbs. The outermost part of the limbs 
has, indeed, been very much modified by adaptation to 
various conditions of life. Tho diversities in this point 
within the mammalian class are enormous. The slender 
limbs of the swift Deer and the strong, springy legs of the 
Kangaroo, the climbing feet of the Sloth and the digging 
paws of the Mole, the fins of the Whale and the wings of 
the Bat,are all instances, It will, of course, be admitted by 
all that thoso organs of locomotion are as diverse as possible 
in point of size, form, and special function. And yet the 
internal bony ekeleton is substantially the same in them all. 
In all these different forms of limbs the same characteristic 
bones are always represented in essentially the same strongly 
inherited combination; and here we havea weighty confirm- 
ation of the theory of descent, such as is hardly afforded by 
the Comparative Anatomy of any other organ. (Cf Plate 
IV. p. 94, vol. ii, of “History of Creation.”) ‘True, in the 
limbs of the different Mammals, the skeleton is subject to 
various arrests of development and reversions, in addition 
to those due to special adaptation (Fig. 273). Thus, in the 
fore foot (or hand) of the Dog the first digit, or thumb, is 
aborted (Fig. 278 I), In the Pig (ILL) and the Tapir (V.) 
this digit has entirely disappeared. So, too, in the Rumi- 
nants (¢y., the Ox, Fig. TV.) the second and fifth digits are 
also aborted, and only the third and fourth are well dove- 
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toped. Finally, in the Horse, only one digit, the third, ix 
perfectly developed (Fig. VI, 8). And yet all these diverse 
foro-fect, as also the hand of the Ape (Fig. 271) and the 
human hand (Fig 272), have originated from the same 
common five-fingered parcnt-form. ‘This is proved, not only 
by the rudiments of the aborted digits, but also by the 
homologous disposition of the wrist-bones (Fig. 273, a=p). 
(Fide supra, p. 124) 

‘The same story is also told by the germ-history of the 
limbs, which is originally identical, not only in all Mammals, 
but in all Vertebrates, Howover different the limbs of the 
various Skullod Animals (Creniota) afterwards appear in 
their fully developed state, they nevertheless all originate 
from the same simple rudiment. (Cf, Plates VI. and VEL, 





Fro. 27%.—Skeloton of hand or forv.foot of «ix Mammals. I. Mams IT, 
Dog; Il. Pig; IV. Ox; V. Tapiry VI. Horve. r, Radiney 4 wiley 

ecaphoid; b, soni-lonar; o, teiquetram (cuneiform); d, teupesiun: «, 
trapezoid ; f capitatam (unciform process); 9, hamatum (uncifurm bors) ; 
D Pikiform; 1, thamb) 2 digit) 3, middle finger; 4, ring finger; 5, Matis 
finger. (After Gogenbaay.) 
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vol. i. p. 362; f fore-leg, 6, hind-leg) Tn alll, the first rudi- 
ment of each limb in the embryo is a simple wart, or small 
"nob, which grows from the side of the body between the 
dorsal and ventral sides (Figa. 119 and 120, vol. i. pp, 357, 359; 
136 and 137, pp. 381, 882). The cells composing these knobs 
belong to the skin-fibrous layer, The outer surface is coated 
hy the bmrn-plate, which is rather thicker at the apex of 
the protuberance (Plate IV. Fig. 5,2), The two anterior 
protuberances appear at a rather earlier period than the 
two posterior. By differentiation of the cells, these simple 
rudiments develop immediately, in Fishes and in the 
Dipneusta, into fins. In the highor vertebrate classes, on 
the contrary, each of the four protuberances, in the course 
of ite development, assumes the form of a stalked plato, the 
inner portion of which being narrower and thicker, the 
outer broader and thinner, The inner portion, or the handle 
of the plate, then divides into two sections: the upper and 
lower legs (or arms). Four notches then appenr in the free 
edge of the plate, and these gradually become deeper; these 
are the divisions between the five digits (Plate VIII. Fig. 1). 
The latter soon become more prominent. At first, however, 
all the five digits, both on the fore and on the hind limbs, 
are joined by a thin connecting web-like membrane; this 
recalls the original adaptation of tho foot as o swimming-fin, 
‘The further development of the limbs from this most simple 
rudiment takes place in the same way in all Vertebrates; 
that is, by the modification of certain groups of the cells of 
the skin-fibrous layer into cartilage, of other groups into 
muscles, yet others into blood-vessels, nerves, etc. Probably 
the differentiation of all these various tissues oceurs actually 
in the limbs, Like the vertebral column and tho skull, the 


_ 





308 THE EVOLUTION OF MAN. 


hony parts of the limbs are also formed at first from soft 
undifferentiated cell-groups of the skin-fibrous layer. "These 
afterwards chango into cartilage, and from these the per~ 
manent bones originate by a tertiary procesa* 

The development of the muscles, or the active organs of 
locomotion, is, as yet, of much less interest than that of the 
skeleton, or the passive instruments of motion. The Com- 
parative Anatomy of these is, indeed, of much higher im- 
portance than their Embryology. Butas very little attention 
has, ax yet, been paid to the Comparative Anatomy and 
Ontogeny of the muscular system, we have only very 
general ideas of its Phylogeny also. The muscular system 
az a whole has developed in the most intimate reciprocal 
correlation with the bone system. 
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TABLE XXXV. 


Bverewaric Sunver oy me wosr Iuporrawr Peeions (¥ THE PRYLOGESY 
or rie Humax Sxxceros. 


1. Pirst Peviat : Sbeteton of the Chordania (Big. 187, p. 90). 
‘The entice skeleton is formed by the notochord. 


11, Second Period» Skeloton af the Acrania (Wig. 189, p Mt). 


A notochordmembrany, tho dorsal continuation of which forms a cover- 
ing ronnd the medullary tube, is formed round tho notochord. 


UL. Think Periods Skeleton of the Cyctostomi (Fig. 190, p. 103), 
A cartilaginous primordial skull develops round the anterior extremity 
of tho notochord, from tie notcohordnembraue. An outer cartilaginous 
‘gill-skeloton forms round the gills, 


IV. Fourth Period « Skoleton of the older Selachit (Big. 268, p. 302). 

A primitivo vertobeal column, with apper ond lowor archos (tho gill- 
arches and ribs) forms round the notochord. ‘The rumnant of the oater gill. 
skeleton romaina with the inner. ‘Two pairs of Vimbs, with pinnate (biserial) 
sosletons, appear. 


V. Pith Poriod s Sholeton of the more recent Selachié (Big. 260, p. 302). 


‘Tho unterior gillarches change into lip.cartilage and jaw.urchos. The 
external gill-ekeloton is lost, The akeloton of the two pairs of fins becomes 
uuniserial (eemi-pinnnte). 








VL. Sisth Period s Sholeton of the Dipnousta (Wig. % Pinto XU). 
‘The skull becomes partially ossified ; as does the shoulder.girdle, 


VIL. Seventh Periods Skeleton of the Amphibia (Fig. 270, p. 902). 

‘The gill-arches are modified into parte of the tonguo-bone, and of tho 

opparatus On the semi-pinnate skeletons of the fins the rays dixinish in 

number (© four, thus giving rise to the five-toed foot, The vertebral 
column osaifies. 
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VILL. Eighth Period : Skeleton of the Monotremata (Wig. 196, pp. 148). 
‘The vortobral colamn, skal}, jaws, and limbs, aoquire tho definite 
charactoriatics of Mammals. 
[X. Ninth Perio; Skeleton of the Maraupiatia (Fig. 197, p. 188). 
‘The coracold bons of the shoulder.ginile beoomes atrophied, and the 
vomnant of it amalgamatas with the shouldee.blado. 
X. Tenth Period > Skeleton of the Semisaper (Fig. 199, p. 164). 
be pouch-bones, which distinguish Monotremes and Mareupdals, 
disappear. 
XI, Eleventh Period: Skeleton of the Anthropoid Apes 
(Figs. 204-208, p. 179). 


‘The ekeloton acquirer the peculiar development ehared by Man ex. 


clasively with the Anthropold Apor. 








CHAPTER XXIIL 


DEVELOPMENT OF THE INTESTINAL SYSTEM. 


‘The Primitive Intestine of the Gostrula—Its Homology, or Morphological 
Tdentity in all Animals (excepting the Protozoa).—Surrey of the 
Steucturn of tho Devoloped Intestinal Carnl in Man—The Month. 
cavity. —The Throat (pharyne)—Tho Gallet (cesophayus)—Tho Wind- 
pipe (trachea) and Lunge.—The Larynx.—Tho Stomach—Tho Small 
Tatestine—The Liver and Gall-bladder—Tho Ventral Salivary Gland 
(sancrecs)—The Large Intestine. —The Rectum —The Pint Eudimest of 
the Simple Intestinal Tube—The Gastrola of the Amphioxns and of 
‘Mammals—Separtion of tho Germ from the Intestinal Germ Vesicle 
(Gastrocystis)—The Primitive Intestine (Protogaater) and the Aftor 
Intestine (Motagester)—Sccondary Formation of the Mouth and Anus 
from tho Outer Skin,—Developmont of the Intestinal Bpithelium from 
the Intestinal.giandular Layer, and of all other parts of the Intestine 
from the Entestinal-fitroue Layer.—Simplo Intestinal Pouch of the 
Lower Worms —Differontiation of tho Primitive Intestinal ‘Tabo into a 
Reepiratory and a Digestive Intestine.—Gillintostine and Stomach- 
Tntestine of the Amphioxus and Ascidian.— Origin and Siguificnnce of 
the Gill-openings —Their Disappearanoe.—The Gill-arches and the Jaw 
akeleton.—Formmtion of the Teoth.—Davelopmont of the Langs from the 
‘Swim-biadder of Fish —Differen' ion of the Stomach.—Derelopment: 
of the Liver and Pancreas.—Difforontiation of tho Small and Lange 
Tntestines.—Formation of the Cloace, 














“Cautions poople require us to confine curvelves to gathering matorials, 
snd to leavo it to posterity to miso scientific structure from thowe 
materials ; beoanso only in that way can we escape the ignominy of having 
the thearies we believed ia overthrown by the advance of kuowledge, ‘Tho 
unresscnableness of this demand ix apparent enongh from the fact that 
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Comsparntive Anatomy, liko overy othor soienos, is ondless; and therefore 
the endles*noss of the accamulation of materials would norer allow mou, if 
they compliod with this demand, to reap any barvest from this field. But, 
further than this, history teaches us clearly, that no age in which selemtitie 
inquiry hns boon active, hnx been ablo 40 to deny itenlf, as, setting the goal 
of itu researches in the fature, to refrain from drawing conclusions for itself 
from its larger or smaller treasury of observations, and from tryiug to fill tee 
wgaps with bypothewes. It would, indeed, be m hopeless proceeding. if, in 
order to avoid losing any part of our possessions, we should refuse be 
acquire any pokwmaxions whatrror."—Kant ERwer Bake (1619). 

















Amona the vegetative organs of the human body, to 
development of which we now turn our attention, the 
tinal canal is the most important. For the intestinal 
is the oldest of all the organs of the animal body, 
carries us back to the carliest time of organological 
entiation, to the first period of the Laurentian Epoch, 
we have already seen, the result of the first divisi 
labour in the homogeneous cells of the earliest man 
animal body must have been the formation of a m 
intestinal canal. The first duty and the first need of 
organism is self-support. This task is accomplished 
two functions of nutrition and of the covering of the 
When, therefore, in the primnasval collection of 
cells (Synamabiwm), of the phylogenetic existence of wl 
we yet have evidence in the ontogenetic devel 
form of the mulberry-germ (Morwla), the several mentee 
of the community began to divide the work of life, they 
were first obliged to engage in two separate taske. One 
half modified into nutritive cells, enclosing a digestive 
cavity, the intestinal canal ; the other half, on the contrary, 
developed into covering cells, forming tho outer cover 
ing of this intestinal conal, and, at the same time, of the 
whole body, Thus arose the first two germ-layers: the 
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innor, nutritive, or vegetative layer, and the outer, covering, 
or animal layer. 

If wo try to construct for ourselves an animal body of 
the simplest coneeivable form, possessing such a primitive 
intestinal canal, and the two primary germ-layers forming 
its wall, the result is necessarily the vory remarkable 
germ-form of the gastrula, which we have shown to exist 
in wonderful uniformity throughout the whole animal 





Fo. 27h—Gastrula of a Chalk-eponge (Olynthas): 4, from outsides 
B, ix longitudinal vection through the axis; 9, primitive intestine ; 0 primie 
tive month 4 intestinol layur, or ontoderm ; 6, skin-layor, or exoderm. 


series: in the Sponges, Sea-nettles (Acalephe), Worms, 
Soft-bodied Animals (Mollusca), Articulated Animals (Arthro- 
podit), and Vertebrates (Figs. 174-179, p. 65). In all these 
various animal tribes the gastrula reappears in the same 
entirely simple form (Mig, 274). Its whole body is really 
of the body, 
the digestive intestinal cavity, is the primitive intestine 





merely the intestinal canal ; the simple cavit 





3i4 THE EVOLUTION OF MAN. 


(protogaster, g); its simple opening, the primitive mouth 
(protostoma, o), is at once mouth and anus; and the two 
cell-strata which compose its wall, are the two primary 
germ-layers: the inner, the nutritive, or vegetative gorm- 
layer, is the intestinal layer (entoderma, i); and the outer, 
covering layer, which, by means of its cilia, is also the agent 
of motion, is the animal layer, or ekin-layer (arodermua, e). 
This highly important fact, that the gastrula appears as an 
early larval condition in the individual development of the 
most varied animals, and that this gastrula always exhibits 
the sume structure, and that the very differently developed 
intestinal canals of the most varied animals, arises, omtos 
genetically, from the same extremely simple gastrula- 
intestine, this very important fact justifies, in accordance 
with the fundamental law of Biogeny, two conclusions, 
which involve important results, and of which one is general 
and one special. The general conclusion is an inductive 
one, and may be stated thus: The very variously formed 
intestinal canal of all the different Intestinal Animals 
has developed, phylogenetically, from one common and. 
oxtremely simple primitive intestine, from the intestinal 
cavity of the Gastrwea, that primmval common parent-form 
which is at the present reproduced, in accordance with the 
fundamental law of Biogeny, in the gastrula. The second, 
the special conclusion, which is connected with the former, 
is deductive, and may be stated thus; The intestinal canal 
in Man as a whole is homologous with the intestinal canal 
in all other animals; it has the samo original significance, 
and has developed from the same rudimentary form” 
Before proceeding to trace the history of the develop- 
ment of the human intestinal canal in detail, it will be 
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necessary briefly to get a correct idea of the more 
general conditions of the formation of the intestinal canal 
in the developed Man. Not until this is known can the 
development of the several parts be correctly understood. 
(Cf. Plates TV. and V., vol. ip. 321.) The intestinal canal in 
the developed Man is, in all essential points, exactly similar 
in form to those of all other higher Mammals, and, especially, 
to that of the Catarhines, the Narrow-nosed Apes of the 
Old World. The entrance to the intestinal canal is the 
mouth-opening (Plate V. Fig. 16, 0). Food and drink pass 
first through this into the mouth-cavity, in the lower part 
of which is the tongue. ‘The hurnan mouth-eavity is hedged 
with thirty-two teeth, attached in two rows to the two jaws, 
the upper and lower. It has already been stated that the 
series of teeth is formed in Man exactly as in the Catarhino 
Apes, but differs from the corresponding part in all other 
animals (p. 173). Above the mouth-cavity is the double 
nose-cavity; the two parts of this are separated by the par- 
tition-wall of the palate. But, as we have seen, the nasal 
‘eavity is nob originally separated at all from the mouth- 
cavity, a common nasal and mouth eavity being primarily 
formed in the embryo, and this separates at a later period 
into two separate stories by the hard palate-roof: the upper 
is the nasal cavity, the lower isthe mouth-cavity. he nasal 
cavity is connected with certain air-filled bony cavities ; 
the jaw-cavities in the upper jaw, the frontal cavities in 
the frontal bone, and the sphenoid cavities in the aphenold 
bone. Numerous glands of various kinds open into the 
mouth-eavity, particularly many small mucous glands and 
three pairs of large salivary glands, 

The human mouth-envity is half closed at the back by 
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the vertical curtain which we call the soft palate, and 
the contre of the lower part of which ix situated 
uvola A glance with the mouth open into mirror 
sufficient to show the form. The uvula is of 
because it occurs only in Men and in Apes, On both sides 
of the soft palate are the tonsils (toneille). Through the 
gate-like arched opening situated beneath the soft palate, 
we pass into the throat-cavity (pharynx; Plate V. 
16, eh), which lies behind the mouth-cavity. This is 
partly visible in the open mouth when reflected in 
mirror. Into the throat-cavity a narrow passage opens: 
each side (the Eustachian tube of the ear), which 
directly into the tympanic cavity of tho ear (Fig. 

p. 260). Tho throst-cavity is continued into « 
narrow tube, the gullet (asophague, er). Through 
the masticated and swallowed food passes down into th 
stomach. The wind-pipe (frackea, Ir) also opens into the 
upper part of the throat, and loads thence to the lungs 
The opening of this is protected by the epiglottis, over 
which the food passes The respiratory organs, the two 
lungs (Plate IV, Fig. 8, lu), are situated, in Man, as im all 
Mammals, in the right and left sides of the breast-cavity 
(thorax), and midway between them is the heart 
8, fir, Al). At the upper end of the wind-pipe ( 
below the epiglottis just spoken of, is a peculiarly 
entinted section, the larynx, which is protected by a 
laginous frame. The larynx ix the most important 
of the human voice and xpeech, and also develops 
part of the intestinal canal. In front of the larynx 
thyroid gland (thyreoiden), which occasionally enlary 
the so-called * goitre.” 
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The gullet (asophagus) passes downward through the 
thorax, along the vertebral column, behind the lungs and 
the heart, and enters the ventral cavity, after penotrating 
the diaphragm. The latter (Fig. 16,2) is a membranous, 
muscular, transverse partition, which in all Mammals (and 
only in these) completely separates the chest-cavity 
(thorax, ¢) from the ventral cavity (¢,), As has been said, 
this division does not originally exist; at first a common 
chest and ventral cavity, the ecloma, or the pleuro- 
peritoneal cavity, ix formed in the embryo It is only 
afterwards that the diaphragm forms a muscular, horizontal 
partition between the chest and the ventral cavities. This 
partition then completely separates the two envities, and 
is penetrated only by separate organs, passing through the 





Fic. 276.—Haman stomach and gall-intestine in longitudinal section: 
4, cardia (limit of the esophagus); b, fondas (blind mac of the left side) ; 
© pylorus fold) d, pylorus valves «, pyloruscavity : fg hy, gallintestine ; 
4, month of tho gail.cuct and of the pancreas duct. (Aftor #. Meyer.) 
chest-cavity into the ventral cavity. One of the most 
important of these organs is the gullet (evophagus), After 
this has passed through the diaphragm into the ventral 
cavity it enlanges into the stomach in which digestion 
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especially takes place. The stomach of an adult man 
(Fig. 278, Plate V. Fig. 16, mg) is an oblong sac, placed 
somewhat obliquely, the left side of which widens inte 
4 blind-sac, the base of the stomach or fundus (6), while the 
right side narrows, and passes at the right end, called 
the pylorus (@), into the small intestine. Between these tree 
parts of the intestine is a valve, the pyloric valve (d), whieh 
only opens when the food-pulp (chyme) passes from the 
stomach into the small intestine, The stomach itself is the 
most important digestive organ, and serves especially te | 
dissolve the food. The muscular wall of the stomach is 
comparatively thick, and, on the outside, has atrong muscle 
layers, which effect the digestive movements of the 
stomach ;—cn the inside, it has a great number of small 
glands, the gastric glands, which secrete the gastrie julien 
Noxt to the stomach follows the longest part of the 
whole intestinal canal, the central, or small intestine 
(chylogaster). Ita principal function is to effect the absurp- 
tion of the fluid mass of digested food, or the food-pulp 
(chymo), and it is again divided into several sections, the 
first of which, the one immediately following the stommmel | 
ix called the gall-intestine, or “twelve-finger intestine” | 
(duodenwm, Fig. 275, fgh). The gall-intestine forms # short | 
loop curved like a horse-shoe. The largest glands of the 
intestinal canal open into it: the liver, the most important | 
digestive gland, which furnishes the bile, or gall, and a very | 
large salivary gland, the ventral salivery gland, or pancreas 
which secrotes the digestive saliva, Both of these glands 
pour the juices they secrete, the bile and pancreatic juies, 
into the duodenum (i) near each other. In adults the liver | 
is a very large gland, well supplied with blood, lying on the 
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right side immediately below the diaphragm, and separated 
by tho latter from the lungs (Plate V. Fig. 16, 1). The 
pancreas lies somewhat further back and more to the 
left (Fig. 16, p). The small intestine is 40 long that it 
has to lie in many folds in order to find room in the limited 
space of the ventral cavity; these coils are the bowels, 
They are divided into an upper intestine, called the empty 
intestine (jejunum), and a lower, the crooked intestine 
(iliwm). In this latter part lies that part of the small 
intestine at which, in the embryo, the yelk-snc opens into 
the intestinal tube. This long, thin intestine then passes 
into the large intestine, from which it is separated by a 
peculiar valve. Directly behind this “ Bauhinian valve” 
the first part of the large intestines forms a broad pouch- 
like expansion, the blind intestine (caewm), the atrophied 
extremity of which is a well-known rudimentary organ, the 
vermiform process (jprocessua vermiformis). The large 
intestine (colon) consists of three parts; an ascending part 
on the right, a transverse central part, and a descending 
partion the left. The latter finally curves like an 8, called 
the “sigmoid flexure,” into the last part of the intestinal 
canal, above the rectum, which opens at the back by the 
anus (Plate V, Fig. 16,0), Both tho large intostino’ and 
the small intestine are furnished with numerous glands, 











most of them yery stall, and which secrete mucous and 
other juices. 

Along the greater part of its length the intestinal canal 
is attached to the inner dorsal surface of the ventral eavity, 
or to the lower surface of the vertebral column. It. is 
fastened by means of tho thin, membranous plate, called the 


mesentery, which develops directly under the notochord 
bie 
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from the intestinal-fibrous layer, at the point where this 
curves into the outer lamina of the sideJayer, into the 
skin-fibrous layer (Plate IV. Fig. 5,9). The curving-point 
was distinguished as the middle-plate (Fig. 99, mp), The 
mesentery is, at first, very short (Plate V. Fig. 14,9); but it 
soon lengthens considerably at the central part of the intes- 
tinal canal, and takes the form of o thin, transparent, 
membranous plate, which has to be the more extended the 
further the folds of the intestine diverge from the place 
where thoy aro first attached to the vertebral colamn. The 
blood-vessels, lymphatic vessels, and nerves which enter 
the intestinal canal traverse this mesentery. 

Although, therefore, the intestinal canal, in the adult 
human being forms an extremely complex organ, and 
though it shows in its details so many intricate and delicate 
structural arrangements—into which we cannot enter 
hore,—this entire structure has developed, historically, 
from that simplest form of primitive intestine which 
was possessed by our gastreead ancestors, and whieh the 
extant gastrula now exhibits, We have already shown (in 
Chapter VITT) that the peculiar Hood-gastrula (Aampiti- 
gastrula) of Mammals (Fig. 277) may be referred back 
to the original Bell-gastrula (Archigastrula) form, which, 
among Vertebrates, is now accurately retained solely by 
the Amphioxus (Fig. 276; Plate X, Fig. 10), 

Like the latter, the gastrula of Man and of all Mam- 
mals must be regarded as the ontogenetic reproduction 
of that phylogenetic evolution-form which we call the 
Gastriea, and in which the whole body of the animal is 
intestine. 

The peculiar form and mode in which the complex 





al 
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human intestinal canal develops from the simple gastruln 
and which is similar to that in other Mammals, con there- 
fore be only correctly understood when it is considered in 
the light of Phylogeny. We must, accordingly, distinguish 








4, 
3 0, primitive month; é, intestinal layer) , ekin-Iayor. 
‘ignatrala of Mommat (in longitudinal section). ‘he 
primitive intestine (d) ond primitive mouth (0) are filled up by tho cells of 
the intestinal layer (i); ¢, akin-layor, 


between the original primary intestine (“tho primitive 
intestine, or protogaster") of the Skull-less Animals 
(Acrania), and the difforentiated or secondary intestine 
(“after intestine, or metagaster") of the Skulled Animals 
(Craniota). The intestine of the Amphioxus (the repre~ 
sentative of the Acranic) forms no yelk-sac, and develops, 
palingenetieally, from the entire primitive intestine of the 
gastrula, The intestine of the’ Skulled Animals, on the 
other hand, has a modified, kenogenctie form of evolution, 
and differentiates at a very early period into two different 
parts = into the permanent secondary intestine, which alone 
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gives rise to the varions parts of the differentiated 
systom, and the transient yelk-sac, which serves onl; 
storehouse of materials for the building of the 
‘The yelk-sac attains its greatest development in 
Fishes (Selachii), Bony Fishes (TZoleostei), R 
Birds, In Mammals, and especially in Placental An ~ 
it is atrophied, The peculiar intestinal development of ey 
Cyclostomi, Ganoids, and Amphibia must be i 
an intermediate form, between the palingenetic inteeinal 
development of the Skull-less animals, and the kenoge-— 
natie intestinal development of the Amnion Animals ee 
niota)™ 

We have already seen in what a peculiar way Pe 
development of the intestine takes place ontogenetically 
the human embryo and in that of other Mammals Trame~ 
diately from the gastrula of these originates a globular 
intestinal germ-vesiclo (gastroeystis), Alled with fluid (Figa 
72, 73, vol. i. p. 289). In tho wall of this is formed the 
lyre-shaped germ-shield, on the lower side of which, along 
the middle line, appears a shallow groove, the first rudie 
ment of the future, secondary intestinal tube. e 

This intestinal groove grows constantly deeper, and ts 
edges eurve toward each other, to grow togother at Jast and 
form a tube (Fig. 100, vol. i. p. 333). Tho wall of this 
secondary intestinal tube consists of two membranes of the 
inner, intestinal-glandular layer, and of the outer, intestinal~ 
fibrous layer. ‘The tube is completely closed at the ends, 
having only an opening in the centre of the lower wall, 
by which it is connected with tho intestinal germ-vesicle 
(Plate V. Fig. 14). The latter, in the course of development, 
becomes continually smaller, a4 the intestinal canal continues 


- 
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to grow larger and more perfect. While, ab first, the intes- 
tinal tube appears only as a little appendage on one side of 
the great intestinal germ-vesicle (Fig. 278), the remnant of 
the Intter afterwards forms only a very inconsiderable appen- 
dage of the grout intestinal canal. ‘This appendage is the 
yelk-sac, or navel-vesicle. It entirely loses its importance, 
and at length disappears, while the intestinal canal is finally 
closed at the original central opening, where it forma tho 
so-called intestinal navel (Fig. 94, vol. i. p. $12). 

Tt hnsalso been said that this simple cylindrical intestinal 
tube, in Man as in all Vertebrates, is at first entirely closed 
at both ends (Plato V. Fig. 14), and that the two permanent: 
openings of the intestinal canal—at the anterior extremity, 
the mouth, at the posterior, the anus—form only second- 
arily, and from the outer skin. At the fore end, a shallow 
mouth-furrow originates in the outer skin, and this grows 
toward the blind, anterior end of the head intestinal cavity, 
into which it finally breaks Tn the same way a shal- 
low furrow for the anus is formed behind in the skin, 
and this soon grows deeper, and grows toward the blind 
posterior end of the pelvic intestinal cavity, with which it 
finally unites, At both extremities there is, at first, a thin 
partition between the outer skin-furrow and the blind end 
of the intestine, and this disappears when the opening is 
made” 

Direetly in front of the anus the allantois grows out of 
the posterior intestine; this is the important embryonie 
appendage which develops, in Placental Animals, and only 
in these (thus in Man too) into the placenta (Figs 278, 279, 1; 
Plate V. Fig. 14, al), In this more developed form—repre- 
sented in the dingram (Fig. 94, ;, vol. i. p. 312)—the intestinal 
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canal of Man, like that of all other Mammals, now forms a 
slightly-curved, cylindrical tube, which has an opening at 
both ends, and from the lower wall of which depend two 
sacs; the anterior navel-bladder, or yelk-sac, and the pos- 
terior allantois, or primitive urinary sac. 

Microscopic observation shows that the thin wall of this 
simple intestinal tube and of its two bladder-like append- 
ages is composed of two distinct eell-strata. The inner, 
which coats the entire cavity, consists of larger, darker cells, 











. 278.—Haman embryo of the third week, with the amaion and 
toils, ‘The great globular yolk.eo is below, the bladder-like allantois 
on the righty thers ars ax yet no limbs. ‘The garm, with ite appendages, ig 
enclosed in tho twftod membrane (chorion). 

FB Tomon embryo, with amulon and allantois, in the fourth 
week, (After Krous.) ‘The wmnion (w) lies pretty close to the body. "The 
grvatar part of the yelkosae (d) bas been torn awny. Behind thie the allan 
tole appoars ms a small pear-abapod bladder, Arms (f) and lege (8) are 
alroady commonoed ; «, foro-brain ; 2, twixt-brain; m, mid-brains %, hind- 
brain j n, ofter-brain 4, oFo; hy three gillarchoss ¢, heart» talk 
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and is the intestinal-glandular layer. The outer stratum 
consists of lighter, smaller cells, and is the intestinal fibrous- 
layer. The cavities of the mouth and the anus are the only 
exceptions to this, because they originate from the outer 
skin, The inner cell-coating of the entire mouth-cavity is 
therefore furnished, not by tho intestinal glandular-layer, 
but by the skin-sensory layer, and its muscular lower layer, 
not by the intestinal-fbrous layer, but by the skin-fibrous 
layer. This is equally true of the wall of the anal cavity 
(Plate V. Fig. 15). 

If the question be asked, what relation these component 
germ-layers of the primitive intestinal wall bear to the 
infinitely varied tissues and organs which we afterwards 
find in the developed intestine, the answer is extremely 
simple, The relations of these two layers to the formation 
and differentiation of the tissues of the intestinal canal with 
all its parts, may be condensed into a single sentenes: The 
intestinal epithelium, that is, the inner, soft cell-stratum 
which coats the cavities of the intestinal canal and of all its 
‘appendages, and which directly accomplishes the nutritive 
process, develops solely from the intestinal-glandular 
layer; on the contrary, all other tissues and organs belong- 
ing to the intestinal canal and its appendages, proceed from 
the intestinal-fibrous layer. From this latter, therefore, 
originates the entire outer covering of the intestinal tube 
and its appendages ; the fibrous connective tissuo and the 
smooth muscles which compose its fleshy akin; the carti- 
lages which support these, for example, the cartilage of the 
larynx and of the trachea; the numerous blood and lymph 
yessels which absorb nutrition from the wall of the intestine; 
in short, everything belonging to the intestine, with the 















exception of the intestinal epithelium, From the i 
fibrous layer originates also the entire mesentery wit 
the adjacent parts, tho heart, tho large blood-vessols o 
body, ete. (Plate V. Fig. 16). : 
Let us now turn aside for a moment from this 
rudimentary intestine of Mammals, in order to 
comparison between it and the intestinal eanal of th 
lower Vertebrates und Worms, which we have learned to 
recognize as the ancestors of Man, In the simplest Gliding- 
worm, or Turbellaria (Rhabdocelum, Fig, 280), wo find’. 
very simplo intestinal form. As in the gastrula, the inte: 
tine in these Worms is a simple pouch with a single open-— 
ing, which latter acts both as mouth and anus (m). ‘The 
intestinal pouch has, however, differentiated inte two see. 
tions, an anterior throat-intestine (sd) and a posterior 
stomach-intestine (d). This differentiation becomes more 
important in the Ascidia (ig. 281) and in the Amphioxus 
(Fig, 282), which connects the Worms with the Vertebrates 
Tn these two animal forms the intestine is essentially 
identical; the anterior portion forms the respiratory gill- 
intestine, the posterior forms the digestive stomach-intes- 
tine. In both it develops, palingenstically, directly from the 
primitive intestine of the gastrula (Plato XI. Figs, 4, 10). 
But the original mouth-opening of the gastrula, or 
the primitive mouth, afterwards closes, and in its place is 
formed the later anus, In the samo way, the mouth- 
opening of the Amphioxus and of the Ascidian is a new 
formation, as is the mouth-opening of Man, and generally, 
of all Skulled Animals (Oraniofa). ‘The secondary formas 
tion of the mouth of the Lancelet is connected, as may be 
conjectured with some probability, with the formation of 
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the gill-openings, which appear directly behind it on the 
intestine. The front portion of the intestine has thus 





Fi0.290-—A nimple Gliding Worm (Rhoddocatwn) my mouthy ad, throat- 
epithelium sm, throat muscle-mnes; d, stomach-intestines ne, renal ducts 5 
Frcilinted vutersekin ; mm, openings of the latter; ov uyes na, nowpit. 

FrG, Z81.— Structure of an Ascidian (soon from tho left sido, as in Plate 
XI. Fig- 14). ‘The dorsal sido is turned townnt tho right, the vontral side to 
the lefty tho monthcponing (0) is sboros at the opposite, tail end, tho 
ascidian has become adherent. ‘The gill-intestine (27), perforated by many 
‘openings, extends into tho stomacheintostine, ‘Tho terminal intestine 
‘opens throvgh tho anus (a) into tho gill-eavity (ct), from which the excre- 
mont ia passed out with the respirated water through tho gill-pore, or cloacal 


‘opening (0'); m mantle, (After Gogenbaur:) 
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peice origin of the gill 
dicates the beginning of a 
the tribal history of Vertebrates. 
‘The most, important process we 
with in the further ontogenctic d 
of the intestinal canal in the human: 
is the origin of the gill-openings. A 
head of the human embryo, the wall « 
throat very early unites with the outer wa 
of the body, and four openings then 
on the right and left sides of the 
behind the mouth, and these lead d 
from without into the throat-cavity. 
openings are the gill-openings, and the 
titions separating them are the gill 
(Fig. 116-118, vol. i. p, 356; Plates 
and V,, Fig. 15, ks). These embryonic 
mations are very interesting; for they 

Pio, 282,—Lancelot (Amphiowne lanceolate), 
the natural sise, sen frum the left side (the 
tudinal axis ia porpendicolar, the mouth end 


‘the tail end below (as in Pate Xf. Pig. 16): a, 
opening, warrounded by bristles 


bolow which ie the aorta; k, wortal arch ; J, munis stent 
of tho gillartery| m, swellings on the branches 
the latter 5 1, hollow vein; o, intestinal vel 


that all the higher Vertebrates when in « very ga 
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reproduce, in accordance with the fundamental principle of 
Biogeny, the same process which was oriyinally of the 
greatest importance to the development of the whole verte- 
brate tribe. This process was the differentiation of the 
intestinal canal into two sections: an anterior, respiratory 
part, the gill-intestine, which serves only for broathing, 
and a posterior, digestive part, the stomach-intestine, which 
serves only for digestion. As we meet with this very 
characteristic differentiation of the intestinal tube into two, 
physiclogically, very distinct main sections, not only in 
the Amphioxus, but also in the Ascidian and the Appen- 
dicularin, we can safely conclude that it also existed in 
our common ancestors, the Chorda Animals (Chordonia), 
especially as even the Acorn Worm (Balanoglossus) has 
it (Fig. 186, p. 86), All other Invertebrate Animals are 
entirely without this peculiar arrangement. 

‘The number of the gill-openings is still very large in the 
Amphioxus, as in Ascidians and in the Acorn Worm. In 
the Skulled Animals it is, on the contrary, very much 
lessened. Fishes mostly have from four to six pairs of gill- 
openings. In the embryos of Man and the higher Verte- 
brates also, only three or four pairs are developed, and thoso 
appear at a very early period. The gill-openings are porma- 
nent in Fishes, and atford a passage to the water which has 
been breathed in through the mouth (Figs, 191, 192, p.113; 
Plate V. Fig. 13, ks). On the other hand, the Amphibians 
lose them partially, and all the higher Vertebrates entirely. 
In thelatter, only a single vestige of the gill-openings remains, 
the remnant of the first gill-opening. This changes into a 
part of the organ of hearing; from it originates the outer 
ear-canal, the tympanic cavity, and the Eustachian tube. 
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We have already considered this remarkable formation, and 
will only call attention once more to the interesting fact that 
the human middle and external ear is the last remnant 
of the gill-opening of a Fish. ‘The gill-arches, also, which 
separate the gill-openings, develop into very various parts. 
In Fishes they romain permanently as gill-arches, carrying 
the respiratory gill-tufte; so also in the lowest Amphibia; 
but in the higher Amphibia they undergo various modifica- 
tions in the course of development, and in all the three 
higher vertebrate classes, thus also in Man, the tongue-bone 
(os hyoides) and the bonelets of the ear originate from the 
gill-arches. (Cf. Plates VI. and VII.) 

From the first gill-arch, from the centre of the inner 
surface of which the muscular tongue grows, proceeds 
the rudimentary jaw-skeleton ; the upper and lower jaws 
which enclose the cavity of the mouth and carry the 
tecth. The Acrania and Monorhina are entirely destitute 
of these important parts. They first appear in the genuine 
Fishes, and have been transmitted by these to the higher 
Vertebrates. The original formation of the human mouth- 
skeleton, of the upper and lower jaws, can thus be traced 
back to the earliest Fishes, from which we have inherited 
them, The tooth originate from the outer skin-covering 
which covers tho jaws; for, as tho formation of the whole 
mouth-cavity takes place from the outer germ-layer, the teeth 
must, of course, also have developed originally from the skin- 
layer. This can be actually proved by close microseopie 
examination of the most delicate structural features of the 
teeth. The scales of Fishes, especially of Sharks, are, in 
this respect, exactly similar to their teeth (Fig. 288). Thus 
the human teeth, in their carlicst origin, are modified fish- 
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scales" On similar grounds we must regard the salivary 
glands, which open into the mouth-cavity, as really outer 
skin (epidermic) glands, which have not developed, like the 
other intestinal glands, from the intestinal-glandular layer 
of the intestinal canal, but from the outer skin, from the 
horn-plate of the outer germ-leyer, Ib is evident that, as 
the mouth develops in this way, the salivary glands must 
be placed genetically in the same series with the sweat, 
sebaceous, and milk glands of the epidermis. 

Tho human intestinal canal is 


LV, Yi, \J therefore quite as simple in its 

( original formation as the primitive 

f intestine of the gastrula. It also 

Q\ ¥ AQf/, resembles that of the lowest Worms 
‘) 


It then differentiates into two sec- 
9 modified into a true Bish 

; ine. Afterwards, however, the 
) gill-intestine, which is a memorial 

TONY AW of the Fish-nncestors, as such, is 
Pio, 25d, — Seaton of « SDtirely lost. ‘Cho parts that remain 


Bhark (Centrophorws catceus), take a wholly different form; but 


On each rhomboid bone-tablet, yotwithstanding that the anterior 
lying in the leather-skin, rigon 


tions, an anterior gill-intestine, and 

J, a posterior stomach-intestine, like 

4 the intestinal canal of the Lancelet 

i) and the Ascidian, By the develop- 
i] 


ment of the jaws and gill-arches 












Cnet, theeccumered toctts section of-our intestinal canal thus 
(After Gegenbaur,) surrenders entirely its original 
form of gill-intestine, it yet retaine its physiological fune- 


tion as a respiratory intestine; for the extremely in- 
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teresting and remarkable discovery is now made that even 
the permanent respiratory organ of the higher Vertabrates, 
the air-breathing lungs, has also developed from this anterior 
section of the intestinal canal, Our lungs, together with 
the wind-pipe (trachea) and the larynx, develop from the 
ventral wall of the anterior intestine. This entire great 
breathing-apparatus, which ocenpies the greater part of 
the chest (lorax) in the developed Man, is at first merely 
@ very small and simple vesicle or sac, which grows out 
from the intestinal canal immediately behind the gills, and 
soon separates into two lateral halves (Figs. 254, ¢, 285, ¢; 
Plate V. Figs. 13, 15, 16, fw), This vesicle occurs in all 
Vertebrates except in the two lowest classes, the Acrania and 
Cyclostomi. In the lower Vertebrates, however, it develops, 
not into lungs, but into an air-filled bladder of considerable 
size, occupying a great part of the body-cavity (cooma), 
and which is of quite a different signifieance from the 
lungs. It serves, not for breathing, but as an hydrostatic 
apparatus: for vertical swimming movemonta it is the 
swimming-bladder of Fish; but the lungs of Man and of 
all other air-breathing Vertebrates develop from the same 
simple bladder-like appendage of the anterior intestine, 
which, in Fishes, becomes the swimming-bladder. 
Originally this sac also has no respiratory function, but 
serves only as an hydrostatic apparatus, augmenting or 
diminiching the specific gravity of the body. Fishes, in 
which the swimming-bladder is fully developed, are able to 
compress it, and thus to condense the air contained in it 
The air sometimes also escapes from the intestinal canal 
through an air-passage which connects the swimming- 
bladder with the throat (pharyna’), and is expelled through 
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oes is diminished, and the fish 
and sinks. When the animal is again about to 
tho swimming-bladder is distended by remitting the ec 


F10, 284.—Intnstino of an embryonic Dog (which ix roprosentess in Fig. 
137, vol, i. p. 382; after Bixchoff), from the ventral wide 0, gillarches (fear 
pairs); b, rudimentary tbroot and larynx; c, lungs; d, stomach ; filivor; a 
walls of the opened yelk-suc, into which the central intestine opens by = 
wide aperture; 1, rectam. 

Fic. 285,—Tho samo intestine, seen from the right side: a lunges By 
stomach ; ¢, livor) dy yell-anc; ¢, rectum. 





pressing force. This hydrostatic apparatus begins to be 
transformed into a respiratory organ in the Mud-fishes — 
(Dipneusta), the blood-vessels in the wall of the swim- 
ming-bladder no longer morcly separating air, but also 
inhaling fresh air, which has come in through thé air 
passage. This process is fully developed in all Amphibia, 
The original swimming-bladder here generally hecomes a 














4 





EVOLUTION OF THE LUNGS 335 


lung, and its air-passage a wind-pipe. The amphibian lung 
has been transmitted to the three higher vertebrate classes, 
and even in the lowest Amphibia the lung on either side 
ix as yet a very simple, transparent, thin-walled sac—as, 
for instanee, in our common Water-Nowts, or Tritons, and 
very like the swimming-bladder of Fishes The Amphibia 
have, it is true, two lungs, a right and a left; but in 
many Fishes also (im the ancient Ganoids) the swim- 
ming-bladder is double, the organ being divided into a 
Tight and a left half On the other hand, the lung of the 
Ceratodus is single (p. 119), Tho earliest radiment of the 
Tung in the human embryo and in the embryo of all higher 
Vertebrates is also a simple, single vesicle, which docs not 
separate till afterwards into a pair of halyes—the right and 
the left lung. At a later period, the two vesicles grow con- 
siderably, occupy the greator part of the chest cavity, and lie 
‘one on each side of the heart; even in Frogs we tind that the 
simple eac, in the course of its development, is transformed 
into a spongy body of a peculiar, froth-like texture. This 
Jung-tissuc develops as a troo-like, branched gland, bearing 
berry-like appendages. The process by which the lung-sac 
was attached to the anterior intestine, which was originally 
very short, lengthens, by simple growth, into a long thin 
tube; this tube is the wind-pipe (trachen); it opens above 
into the throat (pharynz), and below divides into two 
branches which pass into the two lungs, In the wall of the 
wind-pipe ring-shaped cartilages develop, which keop the 
whole distended ; at the upper end of this wind-pipe, below 
its entrance into the throat, the larynx, the organ of voice 
and speech, develops. The larynx occurs even in Amphibia 
in very various stages of development, and with the aid of 
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Comparative Anatomy we can trace the progressive develop- 
ment of this important organ from its very simple rudiment 
in the lower Amphibia up to the complex and vocal appara- 
tus represented by tho larynx of Birds and Mammals. 

Though those organs of voice, speech, and air-respiration 
develop so differently in the various higher Mammals, they 
yet all arise from the same simple original radiment— 
from # vesicle which grows out of the wall of the anterior 
intestine. We have thus satisfied ourselves of the interest- 
ing fact that both the respiratory apparatus of Vertebrates 
dovelop from the fore part of the intestinal canal; first, the 
primary and more primitive water-respiring apparatus, the 
gill-body, which is altogether lost in the three higher 
vertebrate classes; and, afterwards, the secondary and more 
recent air-breathing apparatus, which ucts in Fishes only 
as a swimming-bladder, but as a lang from the Dipneusta 
upwards. 

Wo must say a few words about an interesting rudi- 
mentary organ of the respiratory intestine, the thyzoid 
gland (thyreoidea), the large gland situated in front of the 
larynx, and below the so-called “ Adam's apple,” and which, 
especially in the male sex, is often very. prominent; it is 
produced in the embryo by the separation of the lower wall 
of the throat (pharynx). This thyroid gland is of no 
uso whatever to man; it is only smsthotically interesting, 
because in certain mountainous districts it has a tendency 
to enlarge, and in that case it forms the “goitre” which 
hangs from the neck in front, Its dysteleological interest 
is, however, far higher; for as Wilhelm Miiller of Jena 
has shown, this useless and unsightly organ is the last 
remnant of the “hypobranchial groove,” which we have 
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already considered, and which, in the Ascidia and in the 
Amphioxns, traverses the middle of the gill-body, and is of 
great importance in conducting the food into the stomach 
(vol. i. p. 420; Plate XI. Figs, 14-16, y).1 

‘The second main section of the intestinal canal, the 
stomach or digestive intestine, undergoes modifications no 
less important than those affecting the first main section. 
On tracing the further development of this digestive section 
of the intestinal tube, we again find a very complex and 
composite organ eventually produced from a very simple 
rudiment, For the sake of rendering the matter more 
intelligible, we may distinguish the digestive intestine 
into three parts: the foro intestine (with the gullet and 
stomach); the middle intestine, the gall-intestine (with the 
liver and pancreas); the empty intestine (jejunum), and 
crooked intestine (ileus); and the hind intestine (large 
intestine and rectum). Here we again find protuberances 
or appendages of the originally simple intestinal tube 
which change into very various structures. We have 
already discussed two of these appendages—the yelk-sac, 
which protrudes from the middle of the intestinal tube 
(Pig. 286, c), and the allantois, which grows out of the 
last portion of the pelvic intestine as a large suclike 
protuberance (1). ‘The protuberances from the middle 
of tho intestine are the two great glands which open 
into the duodenum, the liver (A) and the ventral salivary 
gland. 
Immediately behind the bladder-like rudiment of the 
lungs (Fig, 286,2) comes that portion of the intestinal tube 
which forms the most important part. of the digestive 
apparatus, viz, the stomach (Figs. 284,d, 285,6). ‘This sue- 
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shaped organ, in which the food is especially dissolved and 
digested, is not so complex in structure in the lower Verte- 
brates as in the higher. Thus, for instance, in many Fishes, 
it appears as a very simple spindle-shaped expansion at the 


s9 * 





Fie. 286.—Longitudinal on through an embryonic Chick om ¢t 
fifth day of inoubation : d, intestine; 0, month ; o,anney 1, lunge; 2, Rivers 
4) mesenter k, vontricle of heart; 2, arterial argbes) 
acria; c, yelk-swe; wm, yelk-duct; u, allantois; r, stalk of allantoiny a 
amnion; w, amnion-cavity ; #, serous membenne, (After Bue.) 








», wuriole of heart ; 








beginning of the digestive section of the intestine, which 
in a straight line under the 





latter passes from front to reg 
spinal column in the central plane of the body. In Mam- 
mals the rudiment of this organ is as simple as it thas 
is permanently in Fishes. but at a very early period the 
various parts of the stomach-sac begin to develop unequally, 
As the left cide of the spindle-shaped pouch grows much 
more vigorously than the right, and as, at the same time, 
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there occurs a considerable obliquity of its axis, it; soon 
assumes an oblique position. The upper end lies more to 
the left and the lower end more 
to tho right. Tho anterior end 
} extends so as to form the long 
narrow canal of the gullet 


(eexophagus) ; below the latter, 
the blind-sae of the stomach 


(fundus) bulges out to the left, 
and thus the Inter form of the 
stomach is gradually developed 
(Big. 287, ¢; Fig. 275, p.317). The 
axis, which was originally verti- 


Fro, 287,—Haman embryo of fire 
wooks, from the ventral side; opened 
Ir {enlarged). ‘The breast wall, abdominal 
wall, and liver, have becu removed, 3, 
extornal nasal process; 4, upper jaw : 6, 
Tower jow; =, tongno; v, right, v', loft 
ventricle of heart; o', left aaricle of 
heart; %, origin of aorta; 0 bY 0", Let, 
2nd, Srl nortwarobes; ¢ < c", hollow 
einy a, Tange (y, lungarterios); ¢, 
‘Momach; m, primitive kidneys (j, left 
yelk-vein; % pyloras; @ right yelk- 
artery; m, nuyeburtery ; vw, nuvel-rein) ; 
® yelk.dnot; 4, torminal intestine; §, 
tail; 9, forelimb; 9", hindlimb. (After 
Coste.) 








cal, now inelines from a higher point on the loft to a lower 
on the right, and continually acquires a more transverse 
direction, In tho outer stratum of the stomach-wall, and 
from the intestinal-fibrous layer, develop the strong muscles 
which perform the powerful digestive movements. In 
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the inner stratum, on the contrary, innumerable minor 
glands develop from the intestinal-glandular layer. ‘These 
are the peptic glands, which supply the most important 
digestive fluid—the gstrie juice. At tho lowor extremity 
of the pouch of the stomach a valve develops, which, as 
the pylorus, separates the stomach from the small intestine 


975,d). 








ately long middle intestine, or small 
intestine, now develops below the stomach, The develop- 
ment of this section is very simple, and ix essentially caused 
by a very rapid and considerable longitudinal growth. 
Originally this section is very short, straight, and simple: 
but immediately below the stomach a horseshoe bend, or 
loop, begins to appear at a very carly period in the intestinal 
canal, simultaneously with the separation of the intestinal 
tube from the yelk-sac and with the development of the 
mesentery. (Cf Plate V. Fig. 14,9, and Fig. 136, vol. ip. 381.) 
Before the abdominal wall closes, a horseshoe-shaped loop of 
intestine (Fig. 136, 1m) protrudes from the ventral opening of 
clk-sa¢ or navel- 
bladder opens (7), The thin, delicate membrane whieh 
secures this intestinal loop to the ventral side of the vertebral 
column, and occupies the inside of this horseshoe curve, ix 
the first rudiment of the mesentery (Fig. 286,g) The most 
prominent part of the loop into which the yelk-sac opems 








the embryo, and into the curve of this the 














287,«), and which is afterwards closed by the intestinal 
represents that part of the small intestine whieh ix 
Soon a 
very considerable growth of the small intestine is obeery- 





vards called the crooked intestine (ileuw 


able; and in consequence, this part has to coil itself in many 
loops. The various parts of the small intestine which we 
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have yet to distinguish differentinte later in a very simple 
way; these are the gall-intestine (duedenwm), which is 
next to the stomach, the long empty intestine (jejunwm) 
which succeeds, and the last section of the small intestine, 
the crooked intestine (Wewm). 

‘The two large glands which we have already named, the 
liver and the ventral salivary gland, grow out, as protuber- 
ances, from the gall-intestine, or duodenum. The liver first 
appears in the form of two small sacs, situated right and left 
just behind the stomach (Figs. 284, f, 285,¢). In many low 
Vertebrates the two livers remain quite separate for a long 
time (in the Myxinoides for life), and coalesce only imper- 
fectly, In higher Vertebrates, on the other hand, the two 
livers coalesce more or less completely at an early period, 
and constitute one large organ. The intestinal-glandular 
layer, which lines the hollow, pouch-like rudiment of the 
liver, sends a number of branched proeesses into the investing 
intestinal-fibrous layer; as these solid processes (rows of 
gland-cella) again branch out, and as their branches coalesce, 
the peculiar netted etructure of the developed liver is 
produced. ‘The liver-cells, as the sccrcting organs which 
form the bile, all originate from the intestinal-glandular 
layer. The fibrous mass of connective tissue, which joins 
this great cellular network into a large compact organ, and 
which invests the whole, comes, on the other hand, from the 
intestinal-fibrous layer. From the latter originate also the 
great blood-vessels which traverse tho entire liver, and 

“the innumerable netted branches of which are interlaced 
with the network of the livor-eella, The gall-ducts, which 
traverse the entire liver, collecting the bile and discharging 
it into the intestine, originate as intercellular passages along 
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in proportion to that of the whole body is as 1:56; in the 
fotmer, as 1:18. ‘The physiological significance of the liver 
during embryonic life—which is very great—depends espe~ 
cially on tho part it plays in the formation of blood, and 
Jess on its secretion of bile. 

From the gall-intestine, immodiatoly behind tho liver, 
grows another large intestinal gland, the ventral-salivary 
gland, or pancreas, This organ, which ocours only in 
Skulled Animals, also develops as a hollow sae-shaped 
protuberance of the intestinal wall The intestinal-glan- 
dular layor of the latter sends out branching shoots, which 
afterwards become hollow. The ventral-salivary gland, just 
like the salivary glands of the mouth, develops into a lange 
and very complex gland shaped like a bunch of grapes. 
The outlet of this gland (ductus pancreatious), through 
which the pancreatic juice passes into the gall-intestine, 
seems to be at first simple and single; afterwards it is 
often double, 

The last section of the intestinal tube, the terminal 
intestine or large intestine (¢pigaster), in mammalian 
embryos, is, at first, a very simple, short, and straight tube, 
opening posteriorly through the anus In the lower Ver 
tebrates it retains this form throughout life, In Mammals, 
on the other*hand, it grows to a considerable size, coils, and 
differentiates into different sections, of which the foremost. 
and longest is called the colon, the shorter and hinder the 
rectum, At the commencement of the former a valve 
(valvula Bawhini) forms, which divides the large intestine 
from the small intestine; behind appears a pouch-like 
protuberance, which grows larger and becomes the blind- 
intestine (cacum) (Fig, 288, v). In plant-eating Mammals 
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this beeomes very large, while in those which. 
remains very small, or is entirely aborted, In 
most Apes, the beginning of the blind int 
‘becomes wide; its blind ond remains very 
afterwards appenrs only as a useless s 
former. This “ vermal appendage” is interesting 
teleology a8 a rudimentary organ. Its only impo 
Man consists in the fact that now and then a i 
or some other hard, indigestible particle of food 
lodged in its narrow cavity, causing: inflam 
suppuration, and, consequently, killing individuals 
wise perfectly healthy. In our plant-eating ane 
rudimentary organ was larger, and was of ph 
value. 
Finally, we must mention another important appen 
of the intestinal tubo; this is tho urinary bladder ¢ 
cystie) with the urinary tube (wrethra), which in d 
ment and in morphological character belong to the 
system, These urinary organs, which act as recep 
excretory paswges for the urine secreted by the 
originata from the inner part of the allantois-stalle, 
allantois develops, aa a sa¢-like protuberance, from 
anterior wall of the last section of tho intestine (Fig, 
In the Dipneusta and Amphibia, in which this bij 
first appears, it remains within the body-cavity (carla 
and acts entirely as a urinary bladder, Tn all Ammiota,: 
the other hand, it protrudes considerably out of the b 
cavity of the embryo, and forms the large emb 
“primitive urinary sac,” which, in higher Mammals, § 
the placenta. At birth this is lost; but the long allay 
stalk (r) remains, its upper portion forming the eentral ma 
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band of the urinary vesicle (ligamentum vevico-umbilicale 
medium), a rudimentary organ which extends as a solid 
cord from the top of the urinary bladder to the navel. The 
lower part of the allantois-pedicle (the “wrachus") remains 
hollow, and forms the urinary bladder, At first, in Man, 
asin the lower Vertebrates, this organ discharges into the 
Inst section of the posterior intestine, and there is, there 
fore, n true “clonea,” receiving both urine and excrement; 
but, among the Mammals, this cloaca is permanent only in 
the Cloncal Animals, or Monotremes, ag in Birds, Reptiles, 
and Amphibia. In all other Mammals (Mareupialia and 
Placenialia) a transverse partition forms at a later period, 
and separates the urinary-sexual aperture in front from the 
anal aperture behind, (Cf, Chapter XXV.) 





EXPLANATION OF PLATE L—(Prowmiserece.) 


Dere.ornesr or Tux Face. 


‘The twolve figarox in Plate J. represent the face of foor different 
Manmals in Uhroe distinet stages of individaal evolation: MrMrre thet of 
Man, Br-But of the Bat, Cr-Cut of the Cat, S1-Si of the Sheep, The 
threo different stages of evolution have been chosen to correspeed we far at 
possible; they hare been redaced to about the same sles, and are seem Erem 
in front, Tn all the figures tho lolters indicate the same: a ere; %, form 
‘brain; m, mid-brain; 4, frontal process ; 4, nose-reof ; 6, upper Faw proces 
(of the first gillvarch) ; 1, lower jaw process (of the firet gill-areh) 5 A 
socond gillarchs. , third gillerch; r, fourth gill-arch; 9, enefismere 
(romaine of the front gillopening); 2, tongan (Cf. Plates VI. aed Wi, 
Figa 232-296, p. 249; also Figs. 129, 124, fol i. p. 970.) 














TABLE XXXVII. 
Srerexatio Suaver or te wosr Ixronranr Pamovs ix Tare 
PRrLooeNt oF THR THuMAN Ixreetisat Braves, 


I. First Perioit: Intestine of Goatron (Pigs. 274-277; Plate V- Pigs. 8, 10). 
‘Tho whole intestinal «ystem ix n aimple pouch (primitive intemtine), the | 
simple cavity of which has one orifice (the primitive mouth). 





IL. Second Period s Tatestine of the Scolecida (Plate ¥. Fig. 11). 


‘The simplo intestinal tubo widena in the middle into the stomach, aml | 
ak the end opposite to the primitive mouth, » second opening | 
{primitive anus); as in the lower Worms, 





IIT, Third Period | Intestine of Chords Animals (Pig. 2517 Plate ¥. Pig. 12) 
‘Tho intextinal tube differen! 
intestine with gill-openings (gill 
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IV. Fourth Periods Intestine of ShulLteve Animale (Acrania) 
(Fig: 282; Vinte XE. Fig. 15). 
The gill-steeaks appear between the gill-openings of the respiratory 


intestine ; a liver blindsae grows from the stomach»pouch of the digestive 
intestine ; as in the Amphiosus 


V. Fifth Period : Intestine of Oyelostoma (Plato XI. Fig. 10). 
Tho thyroid gland develops from the ciliated yroove on tho basn of 


the gills (hypobranchint groove). A ccmpaot liver-gland develops from 
th Liver blind.eac. 


VI. Ststh Porioks Intestine of Primitive Piskes (p. 114). 

Cartilaginous gill-arches appoar botweon the gill-openings. ‘Tho fore: 
mont of these form tho lip-cartilages and the jaw-akeleton (upper anil lower 
jaw). Tho wvimming-bladder grows from the pharynx, ‘Tho ventralalivary 
gland appears near the liver, as in Selachik 











VIL. Seventh Period » Intostina of Dipnewata (ps 118). 

Tho swimming-biadder modifier into the lungs, ‘The mouth-cavity 
Lecomes comected with the now-cavity. ‘Tho urinary binder grows from 
tho last soction of tho intestine, ax in Lopidosiven, 





VIII. Kizhth Poriod » Intestine of Amphibia (p, 126). 


‘The gill-oponings close. ‘The gille are lost, ‘Tho larynx originatos from 
tho uppor ond of tho truchoa. 


IX, Niuth Period ; Inteatine of Monotremea (p. 145). 
‘The primitive mouth and nasal cavity in eparated by the horizontal 
palate-roof into the lower wouth-cavity (food pasenge) and the upper nose- 
eavity (sie pasonge); a8 in all Amnion Animale, 








X. Tenth Period : Intestine of Marrupials (p. 140). 


‘Tho existing cloaca is veparated by a partition wall into an anterior 
cerinary.mina} aperture and a posterior anal aperture. 





XI. Eleventh Period: Intestine of Catarhine Apes (p. 176). 


Ail parts of the intestine, and especially the teeth.apparatus, acquire the 
sharactorixtic development common to Man and Catarhine Apes, 








CHAPTER XXIV, 


DEVELOPMENT OF THE VASCULAR SYSTEM, 


Application of the Fundamental Law of Biogony-—The Two Sides—Florediay. 

of Consorrative Organs. —Aduptation of Progressive Organs 

aud Comparative Anatomy compleyentary of each other—New 
theories of Evolution” of His—The * Buvelope Theory ™ wat the 
“ Waste-rg Theory.”—Main Germ and Supplementary Germn.— Furs: 
tive Yelk and Nutritive Yotk—Whylogenetic Origin of the Latter free 
the Bri Origin ‘of the Vascular Syatous frou tee 
‘Vascular Layer, or Tntertinal-fibroos Layer.—Phylogenotio Significnses 
Of the Ontogenctic Soccrssion of the Orgun-ayatene anil’ "Tienes 
Doviation from the Original Sequence: Ontogenetic Heterveleosiem — 
Cowuring Tinma—Connective Tixne.—Nerve.tnuscle Tiss —Viasenier 
‘Tissue. — Relative Ago of the Vascular Ssstom—Virst Com 
of the Latter; Casloma.—Dorral Vonsc] and Ventral Vossél of Warm: 
~Siwple Heart of Ascidin—Atrophy of the Heart in the Avapbiloxsise 
Two-chambered Heart of the CyclostomanArterial Arches of the 
Sclachii.—Double Aurielo in Dipnensta and Amphibia.—Dowble Vag 
triole in Hirde and Mammals—Artorint Arches in Minds ani Biaemrele 
Germ-bistory (Ontogeny) of the Haman Heart.—Paralioliom of ghe- 
‘Tribal-history (Phylogeny). 


















“Merphelogical comparison of the adult conditions should maturally 
yrrecerle the etudy of the earliest conditions. Only in this wey cms die 
invostigution of the hintory of development proceed in a deGnite dinwetinany 
{1 Me thas provided, mx it wore, to nee cach step in the formative piecewise 
ite true relation with the condition which ie finally to be reughed. "Treg 
mont of the history of dovelopment without pevyarstory atuily is enly too 
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likely to lend to groping in the dark; adil it not unfrequently leas to the 
movt unfortanate resilta—far inferior to those which might bo established 
beyond question without any study of the history of development.” 
AGesaxpua Busvy (1872). 








Is applying to Organogeny the fundamental law of Bio- 
ony, we have already afforded some conception of the 
dogree in which we may follow its guidance in tho study of 
tribal history. The degree differs greatly in the different 
ongan-systems ; this is so, beenuse tho capacity for trans- 
mission on one sido, and the capacity for modification on 
the other, vary greatly in the different organs, Some parts 
of the body cling tenaciously to the inherited germ-history ; 
and, owing to heredity, accurately retain the mode of 
evolution inherited from primeval animal ancestors ; other 
parts of the body, on the contrary, exhibit very small 
eapacity for strict horedity, and have a great tendency to 
assume new kenogenetic forms by adaptation, and to modify 
the original Ontogeny. The former organs represent, in the 
many-celled community of the human organism, the con- 
stant or conservative; tho latter, on the contrary, the 
changeable or progressive clement of evolution, The mutual 
interaction of both elements determines the course of his- 
torical evolution, 

Only to the conservative organs, in which Heredity pre- 
ponderates over Adaptation, in the course of tribal evolu- 
tion, ean we directly apply the Ontogeny to the Phylogeny, 
and can infer, from the palingenctie modification of the 
gorm-forms, the primmval metamorphosis of the tribal forms, 
In the progressive organs, on the contrary, in which Adap- 
tation has acquired the ascendency over Heredity, the 
original course of evolution has, usually, been so changed, 
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vitiated, and abbroviated, in the course of time, that we 
can gain but little certain information as to the tribal- 
history from the kenogenetic phenomena of their germ= 
history. Here, therefore, Comparative Anatomy must eome 
to our help, and it often affords much more important and 
trustworthy disclosures as to Phylogeny than Ontogeny 
is able to impart, It is, therefore, most important, if the 
fandamontal law of Biogeny is to be correctly and critically 
applied, to keep its two sides continually in view. The 
first half of this fundamental law of evolution enables as to 
use Phylogeny, as it shows us how to gain an spproximate 
knowledge of the history of the tribe from that of the 
germ: the germ-form reproduces, by Heredity, the corre 
sponding tribal form (Palingenesix), The other half of 
the law, however, limits this guiding principle, and alle 
attention to the foresight with which it must be employed; 
it shows us that the original reproduction of the Phylogeny 
in the Ontogeny has been in many ways altered, vitinted, 
and abbreviated, in the course of millions of years ‘The 
germ-form bas deviated, by Adaptation, from the corre 
sponding tribal form (Kenogenesis) ; the greater this dewine 
tion, the more are we compelled to employ Comparative 
Anatomy in the study of Phylogeny. 

Perhaps in no other system of organs of the human body 
is this so greatly the case as in the vascular systern (was. 
cular, or circulatory apparatus), the dovelopment of which 
we will now cxaming Lf we attempted to infer the 
original structural features of our older animal ancestors 
solely from the phenomena which the individual de 
ment of these organ-systems, in the embryo of Man and of 
other high Vertebrates, exhibit, we should obtain wholly 
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erroneous views. By many influential embryonic adap- 
tations, among which the development of an extensive 
nutritive yelk must be regarded as the most important, the 
original course of development of the vascular system has 
‘been so altered, vitiated, and abbreviated, in the higher 
Vertebrates, that no, or very little, trace of many of the 
most important phylogenetic features are retained in the 
Ontogeny. Such explanation as is afforded by the latter 
would be entirely useless to us if Comparative Anatomy 
did not lend its aid, and afford us the clearest guidance in 
our search for tribal history. 

Comparative Anatomy is, thoreforo, especially important 
im helping us to understand the vascular system, and, 
equally, the skeleton system, so that, without its guidance, 
it is ‘unsafe to take a single step in this diflicult field, 
Positive proof of this assertion can be gained by studying 
the complex vascular system as explained in the classical 
works of Johannes Miller, Heinrich Rathke, and Karl 
Gegenbaur. An equally strong negative proof of the asser- 
tion is afforded by the ontogenetic works of Wilhelm His, 
an embryologiat of Loipsic, who has no conception of Com- 
porative Anatomy, nor consequently, of Phylogeny, In 
1868, this industrious but uncritical worker published cor- 
tain comprehensive “ Studies of the First Rudiment of the 
Vertebrate Body,” which are among the most wonderful 
productions in the entire literature of Ontogony. As the 
author hopes to attain a “mechanical” theory of develop- 
ment by means of a most minute description of the germ- 
listory of the Chick alone, without the slightest reference 
to Comparative Anatomy and Phylogeny, he falls into 
errors which are unparalleled in the whole literature of 
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Biology, rich as this unfortunately is in errom. Only im the 
magnificent germ-history of the Bombinator by Alexander 
Goette is incomprehensible nonsense and derision of every 
reasonable causal connection in evolution more nakcedly set 
forth, (Cf, vol. i, pp. 65, 66.) His announces, as the final 
result of his investigations, “that a comparatively simple 
law of growth is the only essential in the first process of 
evolution, All formation, whether it consist in fission of 
layers, or in the formation of folds, or in complete articula- 
tion, results from this fundamental law.” Unfortunately 
the author does not say in what this all-embracing “law of 
growth" really consists; just like other opponents of the 
theory of descent who substitute « great “law of evaluation” 
without telling anything of its nature. From the study of 
the ontogenetic works of His, on the ot! er hand, it seom 
becomes evident that he conceives form-constructing 
"Mother Nature” merely as a kind of clever dressmaker; 
by cutting out the germ-layers in various ways, by bend- 
ing, folding, pulling, and splitting them, this clever semp- 
stress casily bringy into existence the various forms of 
animal species, by “development” (!). The bendings and 
foldings especially play the most important part, Not only 
the differentiation of head and trunk, of right and Jefe, of 
central stem and periphery, but also the mdiment of the 
limbs, as also the articulation of the brain, the sense-organa 
the primitive vertebral column, the heart, and the earliest 
intestines, can be shown, with convincing necessity (2) to he 
mechanical results of the first development of folds. Most 
grotesque is the mode in which the dressmaker proceeds fix 
forming the two pairs of limbs. ‘Their first form is deter 
mined by the crossing of four folds bordering the body, | 
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“like the four corners of o letter.” Yot this wonderful 
“envelope theory” of the vertebrate limbs is surpassed by 
the “ waste-rag theory" (Héllen-lappen Theorie) which His 
gives of the origin of the rudimentary organs: “Organs 
(like the hypophysis and the thyroid gland) to which no 
physiological part has yet been assigned, are embryonic 
remnants, comparable to the clippings, which in the cutting 
of a dress cannot be entirely avoided, even by the most 
economical use of the material”()), Nature, therefore, in 
cutting out, throws the superfluous rags of tissue into the 
waste heap. Had our skull-less ancestors of the Silurian 
ago had any presentimont of such aberrations of intellect 
of their too speculative human descendants, they would 
certainly have preferred relinquishing possession of the 
hypobranchial groove on the gill-body, instead of trans- 
mitting it to tho extant Amphioxus, and of leaving a 
remnant of it to us, in the equally unsightly as useless 
thyroid gland. (Cf. p. 336). 

It will probably be thought that the ontogenetic “ dis- 
coveries” of His, which appear in # doubly comical light in 
consequence of tho accompanying display of mathematical 
ealeulations, can only have occasioned momentary amuse- 
ment in critical scientific circles. Far from it! Immedi- 
ately after their appearance, they were not only much 
praisod as the boginning of a new “mechanical” era in 
Ontogeny, but they have even yet numerous admirers and 
adherents, who seek to spread the scientific errors of His as 
far as possible. On this account, I have felt myself obliged 
to point out emphatically the complete falsity of these 
views. The vascular system affords especial occasion for 
this; for among the most important advances which His 
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claims to have caused by his new conception of germ 
history, is, according to him, his discovery that “the biped 
and tissue of the connective substance” (that is to say, the 
greatest part of the vascular system) “do not originate from 
the two primary germ-layers, as do all the other organs 
but from the clements of the white yelk.” ‘The latter 
is designated as “supplementary yelk, or parablast,” te 
distinguish it from the “main-germ, or archiblast” (the 
germ-dise composed of the two primary gorm-layers), 

The whole of this artificial development theary of His 
and above all the unnatural distinction between the 
mentary and the main germ, collapses like a eard house 
when the Anatomy and Ontogeny of the Amphioxus, that 
invaluable lowest. Vertebrate, is contemplated, which alone 
enn elucidate the most difficult and darkest features in the 
development of the highcr Vertebrates, and thus alse of 
Man, The gastrula of the Amphioxus alone overthrows 
the whole artificial theory; for this gastrula teaches ax 
that all the various organs and tissues of complete Verte 
brates originally developed entirely from the two primary 
germ-layers, The developed Amphioxus, like all other 
Vortobrates, has a differentiated vascular system amd 
a skeleton of “connective substanco tissues” extending 
throughout its body, and yot there is in this ease no ™ supe 
plementary germ” from which theso tissues can originate 
thus, contrasting with the other tissues, 

The larvw of the Amphioxus, arising from the 
bell-gastrula (arckigastrula), in its further developanent, 
throws the most important rays of light also upon the dif. 
cult history of development of the vascular system. Jn the 
first place, it answers the very important question, which 
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wo have already frequently indicated, as to the origin of 
the four accondary germ-lnyers; it clearly shows that the 
skin-fibrous layer originates from the exoderm, the intea- 
tinal-fibrous layer, on the contrary, in an analogous manner, 
from the entoderm of the gastrula; the cavity thus caused 
between the two fibrous layers is the first rudiment of the 
body-eavity, or the exelom (Figs. 50, 51, vol. ip.236), As the 
Amphioxus larva thus shows that the fission of the layens 
is the same in the lowest Vertebrates as in the Worms, it at 
the same time represents the phylogenetic connection be- 
tween the Worms and the higher Vertebrates. As, more- 
ever, the primitive vascular stems in the Amphioxus 
originate in the intestinal wall, and in this, as in the em- 
bryos of all other Vertebrates, proceed from the intestinal- 
fibrous layer, proof is afforded us that the earlier embryolo- 
gists were right in calling the latter the vaseular Jaye. 
Finally, the Comparative Ontogeny of the diffrent verto- 
brate classes further convinces us that the vascular layer 
is originally everywhere the samo, The vascular system in 
Man, a2 in all Skulled Animals, forms a complex apparatus 
of cavities, which are filled with juices, or fluids, containing 
cells. The vessels play an important part in the nourish- 
ment of the body; some of them conduct the nutritive 
blood fluid round in the different parts of the body (blood- 
vessels); some collect the wasted juices and discharge them 
from the tissues (lymph-vessels), With the latter, the 
great “serous cavities" are also connected, especially the 
body-cavity, or cceloma. The heart, acting as a contro of 
motion for tho regular circulation of the juices, is a strong 
muscular pouch, which contracts in regular pulsations, and 
is provided with valves, like those of a pump apparatus 
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This constant and regular circulation of the blood alone 
makes the complex change of substance with the higher 
animals possible. 

Important as is the vascular system in. the more highly 
developed and differentiated animal body, it is nob, however, 
an apparatus as indispensable to animal life as is generally 
supposed. In the older theory of medicine the blood was 
regarded as the reat source of life, and “humoral pathology” 
referred most diseases to “corrupt blood-mixtare.” Simi- 
larly, the blood plays the most important part in the pre 
vailing, obscure conception of Heredity. Just as halfblood, 
pure blood, ete., ete, are yet common phrases, 50 it is 
believed that the transmission, by Heredity, of definite 
morphological and physiological characters from the parent 
to the child “lies in the blood” That this customary 
notion ia ontiroly falso, is easily soon from: the fact thab 
neither in the act of procreation is the blood of the parents 
directly transmitted to the procreated germ, nor does the 
embryo acquire blood at an early period. As we have 
already seen, not only the separation of the four 
genm-layers, but also the beginning of the most 
tant organs, takes place, in the embryos of all Vertebrates, 
hefore the rudiment of the vascular systems, of the heart 
and blood, is formed. In accordance with this ontogenetic 
fact, we must, from a phylogenetic point of view, regard the 
vascular system as the most recent, the intestinal system, 
on the contrary, as the oldest formation of the animal 
The origin of the vascular system is, at least, much pr 
than that of the intestinal system. If the fundamental law 
of Biogeny is rightly appreciated, it is possible, from tae 
ontogenctic sequence, in which the various organs of the 
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animal body conseeutively originate in the embryo, approxi- 
mately to infer the phylogenetic sequence, in which these 
organs gradually developed, ono after the other, in the 
ancestral line of animals. In the “ Gastrwa theory” I made 
the first attempt to establish the phylogenetic significance 
of the ontogenetic sequence of the organ-systems; but it 
must be remarked that this sequence is not always iden- 
tical in the higher animal tribes. In Vertebrates, and 
therefore also in our own ancestral line, the organ-systems 
may be ranged according to age, in something like tho 
following order: I, Tho skin-system (4) and tho intestinal 
syatem (2). IL The nerve (@) and muscular systems (D). 
IIL. The kidney system (4). 1V. The vascular system (/), 
V. The skeleton system (@), VI. The sexual system (1). 
(Cf. Table XXXIX,, p. 367.) 

Tn the first place, the gastrula proves that in all animals 
with the exception of the Primitive Animals (Protozoa),— 
therefore, in all Intestinal Animals (Metazoa)—two primary 
organ-aystems originally arose simultaneously and first; 
these were the skin-system (skin-covering) and tho intes- 
tinal system (stomach-pouch), The first is represented, in 
its earliest and simplest form, by the skin-layer or exoderm, 
the latter by the intestinal layer or entoderm of the Gastreea, 
As we can ascribe the same origin, and, therefore, also the 
same morphological significance, to these two primary germ- 
layers in all Intestinal Animals, from the simplest Sponge 
to Man, the homology of these two layers seams sufficient 
proof of the above assumption. 

Immediately after the differentiation of the two primary 
germ-layers, an inner or outer skeloton develops in many 
lower animals (¢g, in Sponges, Corals, and other Plant 
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Animals). In the ancestors of Vertebrates, the development 
of the skeleton did not take place till much Inter, in the 
Chorda Animals (Chordonia), In them, after the skin- 
system and the intestinal system, two other orgnn-systems 
simultancously arise; these are the neryous and the mus 
cular systems. ‘The way in which these two organ-systeme 
which mutually condition each other, developed simulta: 
neously and independently, in reciproeal action and yet im 
opposition to exch other, was first explained by Nicholans 
Kleinenberg in his excellent monograph on the Ifydra, the 
common fresh-water Polyp.™ In this interesting Tittle 
animal, single cells of the skin-layor send fibre-shaped pm 
cesses inward, which acquire the power of contraction, the 
capacity, characteristic of the muscles, of contracting ia « 
constant direction. The outer, roundish part of the exe 
derm cell remains sensitive and acts as the nervous element, 
the inner, fibre-shaped part of the same cell becomes eo 
tractile, and, incited to contraction by the former part, sels 
as the muscular clement (Fig. 293). ‘These remarkable 
neuro-muscular colls thus still unite in asingle indivadaal 
of the first order the fonctions of two orgun-systems, One 
step further; the inner, muscular half of the newroanmsculae 
cell (Fig. 293, m) acquires its own nucleus, and separates 
from the outer, nervous half (nm), an 
have their independent element of fj 
ranscular skin-fibrous layer from 
layer in embryonic W, 
genetic process (Fi 

These four or; 
were already in 
tertiarily, in the 
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sight, seems of subordinate significance, but which proves, 
by its early appearance in the animal series and in the 
embryo, that it must be very ancient and, consequently, of 
great physiological and morphological value, This is the 
urinary apparatus, or kidney system, the organ-system 
which secretes and removes the useless fluids from the body. 
We have alveady sccn how soon the primitive kidneys 
appear in the embryo of all Vertebrates, long before any 
trace of the heart is discoverable. Correspondingly, we also 
find a pair of simple primitive kidney ducts (the so-called 
exeretory duets or lymphatic vessels) almost universally 
diffused in the Worm tribe, which is so rich in forms. Even 
the lowest classes of Worms, which have as yet neither 
body-cavity nor vascular system, are furnished with these 
primitive kidneys (Fig. 280, ne, p. 327). It was only in 
the fourth place, after the kidney system, that tho vascular 
aystem developed in our invertebrate ancestors; this is 
plainly shown in the Comparative Anatomy of Worms. 
‘The lower Worms (Acalomi) possess no part of the vas- 
cular system, no body-eavity, no blood, no heart, and no 
vessels; this is the caso, for example, in the comprehonsive 
group of the Flat Worms (Plathelm inthes), the Gliding Worms 
(Turbellaria), the Sucking Worms (Tremetoda), and the 
Tape Worma In the higher Worms, which are therefore 
called Coelomati, a body-cavity (caloma), filled with blood, 
first begins to form; and, side by side with this, special 
Dlood-vessels then also develop. These features have been 
transmitted from the Coclomati to the four higher animal 
tribes, 

‘These organ-systems are common to Vertebrates and to 
the three higher animal tribes, the Articulated Animals 
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(Arthropoda), the Soft-bodied Animals (Afolusee), and the 
Star Animals (Echinoderma), and we may, therefore, infer 
that they have all acquired these, as a common inheritance 
from the Calomati; but we now moct with a passive 
apparatus of movement, the skelcton system, which, in this 
form, is exclusively peculiar to Vertebrates, Only the very 
first rudiment of this, the simple notochord, ix found in 
Ascidia, which are the nearest invertebrate blood-relations 
of Vertebrates We infer from this, that the common 
ancestors of both, the Chorda Animals, did not branch off 
from the Worms till a comparatively Inte period, ‘he’ | 
notochord is, it is true, one of those organs which appesrat | 
@ vory early period in the vertebrate embryo; but this & | 
clearly due to an ontogenetic hoterochroniam, to displace 
ment in time in the germ-history, that is, a gradual die 
arrangement in the original phylogenetic sequence, caused . 
by embryonic adaptation. On Comparative Anatomical 
grounds it may safdly be assumed, that the first origin of | 
tho skeleton system did not precede, but followed that of 
tho kidney system and of the vascular system, although 
Ontogeny appeare to indicate the contrary. 

Last of all the organ-systems, the sexual systema finally 
developed, in the sixth place, in.our ancestors; of course ji 
must be understood that this was last, in the senso that the 
sexual apparatus acquired the independent form of « spaetal 
organ-systerm subsequently to all the other organs, The | 
simplest form, that of reproductive cells, is certainly yery | 
ancient. Not only tho lowest Worms and Plant Animals 
propngate soxually, but this was also probably dhe camila 
the commen parent-form of all Metazoa, in the Gastrea: 
but in all these low animals, the reproductive cells do mot 
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constitute special sexual organs in a morphological sense; 
they are rather,as we shall soon see, simple component parts 
of other organs. 

Like the organ-systoms of the human body, the tissues, 
which compose these systems, are of different ages and of 
varying morphological value, As we were justified in 
drawing an inference as to the phylogenetic sequence in 
age of the organ-systems, from the ontogenetic sequence 
in which they successively appear in the embryo, so are 
wo justified in inferring the order in which the tissues 
originated during the course of tribal history, from the 
sequence of the stages in germ-history. The result of this 
is a phylogenctie classification (Table XXXVIIL) of the 
tissues of the human body, similar to that of the organs 
(Table XXXIX., p. 367). 

The tissues of the human body, arising by division of 
labour, the separation and the conneetion of the component 
cells, may be distributed, with reference to their develop- 
ment, in the four following distinet groups :—1, covering- 
tissue (epithelium); 2, connective tissue (connectivum); 3, 
nerve and muscular tissue (newrosmuseulum) ; and 4, vax- 
cular tissue (vaealium). Of these, in accordance with the 
Gastrea theory, we must regard the covering-tisaue as the 
oldest and inost original form, as the actual primary or 
primitive tissue; the three other main forms must, on the 
other hand, be considered as secondary or derived forms, 
which developed at a later period from the covering-tisaue ; 
the conneeting-tissue first, then the nenro-muscular, and 
lastly the vascular tissue, 

The oldest and most original form of tissue is, un- 
doubtedly, the covering-tissue (epithelium), the cells of 
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which are arranged in a simple strata-like way, and extend 
over the outer and inner surface of the body as a protective 
and secreting cover. This is proved by the simple fact that 
the formation of the tissues of the animal body begins 
With the formation of the gustrula, and that the latter 
itself consists solely of two simple epithelial strata, of the 
skin-layer (Fig 274, ¢), and of the intestinaldayor @ 
Histologically, tho two prinary germJayers are simple 
epithelia. When these, afterwards, soparate into the fer 
secondary germ-layers, the skin-sensory layer becomes the 
outormost of the external coverings (dermal-epithelium): 
the intestinal-glandular laycr becomes the innermost of the 
internal coverings (gastral-epithelium) The tissue of th 
outer skin and of all its appendages, such as nails (Fig. 259) 






upper strat 

Fro, 200.—Tissue of the covering of the small intestion (outumum | 
epithelium) : a, side view of threo cells (with thicker, pocous borders}; & | 
surface view of four colle, (After Frey.) | 





hairs, skin-glands, ete, arise from the skin-sensory layer 
(C& Table XXTX., 282) ‘The inner covering of the intee: 
tinal tube and of its intestinal glands originates, om the 
other hand, from the intestinal-glandular layer (Fig. 290). 
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Conneetive tissue (connectivum) must be regarded as 
forming, in order of phylogenetic age, the second main 
group of tissues. This is morphologically characterized by 
the intercellular substance, which dovelops between the 





Fi, 291.—Jolly-liko tissue from the vitreous body of an embryo of four 
months (rouud colly as jelly-Like intercellular substance). 

Fra, 202-—Cartilage.tissan of the fisrous or netted cartilage of the ene 
sholl: 4, oolls b, intercellalar mass; e, fibres in the latter. (After Frey.) 


cells, ‘physiologically, by the double part which it plays, 
‘as connecting substance and as complementary substance 
between the other tissues, as an inner supporting substance 
and as a protective covering for the inner organs, Of the 
numerous forms and varieties of connective tissue, we regard 
the jelly-like tissue (Fig. 291 ; Fig 6, vol. i. p. 126), the fatty 
tissue, and the chorda tissue as the earlier; the fibrous, 
cartilaginous (Fig. 292), and bone-tissue (Fig. 5, vol. i. p. 126) 
a5 the more recent formations. All these various forms of 
connective tissue are products of the middle germ-layer, 
‘or mesoderm ; or, more accurately, of the two fibrous layers, 
of which the skin-fibrous layer is originally derived from 
the exoderm, the intestinal-fibrous layer from the entoderm. 

‘The nerve-muscular tissue (newro-musculum) ia of much 
more recent origin than the connective tissue, If epithelial 
tissue represents a primary period in tribal history, and 
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Zoophytes a middle layer of connective tissue develops 
between the two primary germ-lnyors, it is only in the 
most highly developed Plant Animals that muscle and nerve 
tissue is formed. As has already been said, the latter first 
appeared a8 a common nerve and muscle tissue (newro- 
musculum, Fig. 293; cf. p. 358). Tt was only afterwards 
that the musele-tissue (Fig. 295) separated from the nerve- 
tissue (Fig, 294). The greater part of the nerve-tissue is 
derived from the skin-sensory layer, the greater part of the 
muscle-tissue from the skin-fibrous layer. 

Vascular tissue (rasalivm) must be regarded as forming 





206, —Fascular tise (casaliwn). A hairvenscl trom the 
, tho kernels of these (*endotheliam ”). 
(corpuscles) of various Vertebmtes (equally 
magnified): 1, Homan; #, Camel; 3, Pignons 4, Protons (p. 129); 5, Waters 
salamander (Triton); 6, Brog y 7, Fish (Cobitis) 8, Lamproy (Fetromyron) ; 
4, surface view ; b, edge view. (Aftor Wagoor,) 





( 366) 
TABLE XXXVIIL 
Systematic Surrey of tho Sequence, acceding to Age, of the Haman 








‘Tiarne-gtonps 
(Phylozenctic Clasification of Vertetwate Tissues.) 
FIRST GROUP: PRIMARY TISSUES (Bpitheliem). 





1. Finer Horrovoaicat, Stave or Evourrose. 
1. Covering-tissua Wien 





Seino tl Tn 
avery ager) 
1B, Totetnal verge (Rita 
iIncentinat apne ot entero raat 
Gttnwarde te nteatoa ganda Ue) 





i kraneeoeeee 








NDARY TISSCES, 
can Aorived from the Covoring-tisane, or Epithetierm,) 
2 Stooxp Huerovoorcal Sra or Bvoneriow, 

11. Connective:tisme (Conneetiewm). 
nave (ra orgonotin) (aster {2: rst mae 









rane tase) (a nts ures 
4 Coats thee 








tinue (Ma atatresro’) (Omer ft 
sie ren 1 tin tare 
3. ‘Tump Misrorocrcan S7acu oF EVoLTION, | 
LIL Norve muscle Tistue (Newrd-qusculun), 

ee a Nerghore erect (Ta | 


{Ganglica-els) J 4 5) 
1 Sere cota 


tr eo 
ak {ne 








Serve tubes) orrestoe 
a: J vat aati oe 
TIE F, Musiodione (7a 11 Onecetied muscle {1,0 Seeith contesetiie 
ee et eo is 
ner eran fh ]2 sanytlod mand} 3: Sosa muscle 
a oa fibres 2 Striped macletnasamg 








4. Fourra Hisrorcarcat, Stace oF EWEUHON 
IV. Vascular Tissue ( Vavalium). 





Va FEE en 

_ [Sci fast ay ae 

19, Rerdutietone va ee ahem 

Cer rena hme 
a 2 Povhahe tum ‘gine de mg 


{2.e, Redeem of te 
Cogecularepibe./ 7 & Eaautrtiem ofthe teed eae 
IVa Tampa (mia 


‘ymphations” Ugust (1. tympb (Colour ¥Ssot cits a ha 
aT takes Cited econ and uel Sabrent Sebo 
or 








( 367 ) 


TABLE XXXIX, 


Syatematho Sarvey of the Sequence, acconting to Age, of the Homan 
Organ-aystorns. 
(Phylogenetic Classification of Vertebrate Organs.) 
(On the right are given the Ancestral Stages, in which the reapoctive 
organs probably Brat appeared.) 





1. Finer Stace ox twe Evovvtiow ov Onaaxa 
L Skin and Intostinal Systems, 
“The two Systems appear fret, and simaliancvusly, ti the Gastread ancestors. 
TA. Storie (42 Onde stn oa ayer) and) 
a et kin (xkin-tonsory Taper ee 
‘yee ermal) Heater shin(stlordtewae ager) sf Worm 
43 Cer nin, with Hrs, gatas ete,” Mamie 
2. Spe entodorm satiate 
12 Ineatinal eplchetion (Intestinal 
‘ular tayer} and tteatnal eweseatar | Wore 
‘iin (intsteal-Rbrous layer) 
23, Ollvintowine and somach-tteating” Chordaanimats 


Ei, Totestinal system 
(Sprtema gostrale) 





% Seeoxb SrAGK I THE EVOLUTION OF ORGAXE 
IL Nerve and Muscle Systems. 
‘The te Ryeteme appenr feet, and simultancously, in the Primitive Worm ancestors. 


21. Upper throat eangla Putative Worms 
1. Merve-ayvten 102! Sdnte medullary tube Hh 
ue rat Cherdacanimale 
Gpptoma merece) 153, Dratn and spinal muarrow Mecurhine 
D1. Atin-mete poveh Primitive Worres 
M.D. Musclensysuemn D2. Side munetes of the tronke Acraala 
meratare) 193. Trunk and tinh muxclon Fishes 





& Timp Sraae my THe Evouwnos oF Onaaxs, 
AIL Kidney and Vascular Systeme. 











‘The two Byntems fret appear, ane after the other, tn the Boft-wurw anceators (Soleil). 
1, Primitive kidwey canale Seutewida 
HEE. Kitey-aystem 264. Segroertal ea Acraniat 
Gipeema renaie) — HA. Primitive Kidnayn Monrbina 
£4 Permanent kidoeys Proumale 
1, Siunphe eeslow Feolecida 
TIL # Faseutar asstom ‘2, Poraat and ventral vessels Worms 
{(Gpotoma rasculere) +) F3, Heart (part of the ventral vem) Chunaraolmuale 
#6, Weart, With auricle and venteicle ——-Manarhina 





4. Fouur Stage ix me Evouvriox or Oncaxs, 
TV. Skeleton and Sexual Systeme. 
Tos to Spsteme Orvt oppear, one after the other, 1a Uhe Chordonla-ancetore. 


1, Simple notochont Chordacaniennls 
Saciccoayetem [2 Onrflaginon petitive hulk ‘Monortina 
{Aptos Halstare) >) 2% ll-arches, ibs, limba Bobet 

G4 Llano with Be digits 

JTL. Simpla herenapivate glands 
EN ented 412, Distinct testes and ovaries 


Wie. 


etana tml) 5: Ses tented eleva, 
39 











368 THE EVOLUTION OF MAN, 


the most recent group of tissues, that which originated last 
Under this name are included those opithelial-like thea — 
which line the closed inner cavities of the body (the eetlom — 
chest-cavity, ventral cavity, heart-eavity, blood-vessols ete 
(Fig. 296), In addition to this vascular carpet (ende 
thelium), the liquids containing cells, which fll thes 
cavities (lymph, blood, serum, ete), must be classed with 
this tissue (Fig. 207). All these tigsues may be grouped at 
vasalian, His wrongly ascribed to them a quite different, 

“parablastic” origin (from the nutritive yelle); they am | 
however, products of the intestinal-fibrous layer @nd partly | 
pethaps, of the skin-filirous layer), As the ecelomm snd the 
whole vascular system is of more went phylogenotio origi | 
its peculiar tissuos must, also be more recont, 

‘This phylogenetic explanation of the ontogenetic aie | 
ceasion of tho tissues and of the organ systems arising frum 
them, appears to me to be satisfactorily proved hy Caee 
parative Anatomy, and by the Gastres theory, If it # 
correct, it discloses an interesting glimpse into the entirely 
various age of the most important constituent parts of et | 
body. The human skin and intestine are, according: te this 
many thousands of years older than the muscles and nerwee 
these again are much more ancient than kidneys and Dost 
vossols, and tho latter, finally, aro many thousands of year 
older than the skeleton and the sexual organs ‘The com 
mon view, that the vascular system is one of the must 
important and original organ-systems, is, therefora, éme 
neous; it is as false as the assumption of Aristotle that 
the heart is the first part to form in the incubated ehiee 
On the contrary, all lower Intestinal Animals show plainly | 
that the historic evolution of the vascular system did mel | 
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‘begin till a comparatively late period. Not only all Plant 
Animals (Sponges, Corals, Hydropolyps, Medusie), but also 
all lower Wormis (Acwlomi), are entirely destitute of 
yaseular system. In both groups, the fluid acquired by 
digestion is conveyed directly from the intestinal tube, 
through processes of this latter (the gastro-canals), into the 
different parts of the body. It is only in the intermediate 
and higher Worms that the vascular system first: begins to 
develop, in consequence of the formation of a simple eavity 
(calome), or of a system of connected spaces, round the 
intestinal tube, in which cavities the nutritive fluid (blood) 
exuded through the intestinal wall, collects, 

In the human ancestral line we meet with this first 
rudiment of the vascular aystem in that group of Worms 
which we spoke of as Soft Worms (Scolecida; p. 85), 
The Soft Worms, as we said, formed a series of intermediate 
stages between the lowest bloodless Primitive Worms 
(Arehelminthes) and the Chorda-worms (Chordonia), which 
are already provided with a vascular system and a noto- 
chord, Tho vascular system must have begun, in the older 
Scolecida, with a very simple coolom, a “ body-cavity,” 
filled with blood, and which surrounded the intestinal tube, 
Its origin was probably due to the accumulation of 
nutritive fluid in a cleft between the intestinal-fibrous 
layer and the skin-fibrous layer, A vasenlar system in 
this simplest form is yet found in the Mosa-polyps (Bryoroa) 
in the Wheel-animaloule (Rotatoria), and in other lower 
Worms. The inner, visceral, part of the wall of the ccelom 
ig, naturally, formed by the intestinal-fibrous layer (endo- 
calas), the outer, parictal, part by the skin-fibrous layer 
(exocalar), The ceclom fluid, collected between the two, 
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may contain detached cells (lymph-cells) from either fibrous 
layer. 

A first advance in the development of this most primi- 
tive vascular system was accomplished by the formation of 
canals or blood-conducting tubes, which developod, inde- 
pendently of tho cooloma, in tho intestinal wall, that is, in 
the intestinal-fibrous layor of the wall. These real blood- 
vessels, in the stricter sense, appear in very different 
form in Worms of the intermediate and higher groups; 
sometimes they are very simple, sometimes very complex, 
Two primordial “primitive vessels” must be regarded as 
representing that form, which probably formed the first of 
the more complex vascular system of Vertebrates; these are 
a dorsal vessel, which passes from front to back along the 
middle line of the dorsal wall of the intestine, and a ventral 
vessel which passes, in the same direction, along the middle 
line of the ventral wall, Both at the front and at the 
back these two vessels are linked together by a loop sur- 
rounding the intestines, The blood enclosed in the two 
tubes is driven forward by the peristaltic contraction of 
this. 

The further development of this simplest rudimentary 
blood-vessel system is evident in the class of the Ringed 
Worms (Annelida), in which we find it in very various 
stages of development. In the first place, many trans- 
verse connections probably arose between the dorsal and 
ventral vessels, so as to encircle the intestine (Fig. 208). 
Other vessels then penctrated into the body-wall and 
branched, 0 a8 to conduct blood to this part, As in those 
ancostral Worms, which we have called Chordonia, the 
front section of the intestine changed into a gill-body, these 
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ascular loops, within the wall of this gill-body, which 
passed from the ventral vessel to the dorsal vessel, became 
modified into respiratory gill-vessels. Even at the present 
day, the organization of the remarkable Acorn-worm 
(Balanoglossus) exhibits a similar condition of gill-cireulae 
tion (Fig. 186, p. 86), 

A further important advance is exhibited, 
among extant Worms, in the Ascidia, which 
must be regarded as the nearest blood-rela- 
tions to our primitive Chordonia ancestors 
Tn these we find, for the first time, a real 
heavt, that is, a central organ of the cireula- 
tion of the blood, by the pulsating contractions 
of the muscular wall of which the blood is 
driven forward in the vascular tubes, The 
heart appears here in the simplest form, as 
fa spindlo-shaped pouch which passes at both 
ends into a main vessel (Fig. 188, «. p. 90; 
Plate XI. Fig. 14;he). The original position 

Fis, 208.—Mlood-roesel aystern of a Ringod Worm 
); front nection: d, dorsal vessel; r ventral 
- transverse couneotion between the two (en. 


Jarged like a heart). ‘The arrows indionte tho direction. of 
the blood current, (Aftor Gegenbaur.) 





of the heart on the ventral side, behind the gill-body of the 
Ascidian, plainly shows that it originated in a local dilation 
of a section of the ventral vessel. The alternating diree- 
tion of the movements of the blood, which has already been 
mentioned, is remarkable ; the heart expels the blood alter- 
nately through the anterior and through the posterior end. 
This is very suggestive, because in most Worma the blood 
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in the dorsal vessel moves from back to front, while in 
Vertebrates, on the contrary, it flows in the opposite dire 
tion, from front to back. As the heart of the Aseidian 
constantly alternates between these two opposite directions 
it exhibits permanently, to a certain extent, the phylogenetic 
transition between the older direction of the dorsal Uleed- 
current toward the front in Worms, and the newer dine 
tion of the same toward the rear in Vertebrates. 

As in the more recent Chonda Animals, which gaye 
rise to the Vertebrate tribe, the newer direction beesme 
permanent, the two vessels which proceeded from fhe 
two ends of the heart-pouch, acquired a constant signii- 
cance. The front section of the ventral vessel, siace them 
has steadily conducted the blood from the heart, neting 
consequently, as an artery; the hinder section of the 
ventnil vessel, on the contrary, leads the blood, 
in the body, back into the heart, and must, therefore, be 
called a vein. In reference to their relation to the tee 
sections of the intestine, we may spenk gf the latter, man 
accurately, as the intestinal vein, and of the former as the 
gill-artery. The blood contained in both vessels, whieh 
alone fills the heart also, is venous blood ; that is, 
much carbonic acid. On the other hand, the blood whieh 
flows from the gills into the dorsal vessel is Ghens ame 
furnished with oxygen ; is arterial blood. ‘The most delicate 
branches of the arteries and veins pass into each other 
within the tissue, through a network of extremely fine 
noutral hair-vessels or capillaries (Fig. 296). 

If we now turn from the Ascidia to the nearest allied 
form, the Amphioxus, we are immediately surpirimed by an 
apparent retrogression in the lopment of the vasealar 
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system. The Amphioxus, as has been stated, has no real 
heart ; but the blood is circulated in its vascular system by 
the main vascular stems themselves, which contract and 
pulsate along their whole longth. (Cf. Fig. 151, vol. i. p. 420.) 
A dorsal vessel (aorta), situated over the intestine, absorbs 
the arterial blood from the gills and propels it through the 
body. The venous blood, in its return, collects in 9 ventral 
vessel (intestinal vein), situated under the intestine, and 
thns returns to the gills, Numerous vascular gill-arehes, 
which accomplish respiration, and absorb oxygen from the 
water and emit carbonic acid, unite the ventral vessel 
with the dorsal vessel before. As, in Ascidia, that section 
of the ventral vessel which also forms the heart in Skulled 
Animals (Craniota), is already fully developed into simple 
heart-pouch, we must regard the absence of the latter in the 
Amphioxus as the result of retrogression, as a reversion, in 
these Acrania, to the older form of vascular system, as it 
exists in Scolecida and many other Worms. We may 
assume that those Acrania which actually formed part of 
our ancestral line did not share this relapse, but rather 
inherited the one-chambered heart from the Chordonia and 
transmitted it directly to the older Skulled Animals 
(Craniola). 

‘The Comparative Anatomy of Skulled Animals clearly 
exhibits the farther phylogenctic development of the blood- 
vessel system. In the lowest stage of this group, in the 
Cyelostoma (p. 102), we first meet with a real lymph-vessel 
system, side by side with the blood-vessel system, a system 
of canals which collect the colourless fluid flowing from the 
tissues, and conduct it to the blood-current. Those lymph- 
yeasels which absorb the milky, nutritive fluid, obtained 








direetly by digestion, from the intestinal wall, and conduct 


it to the blood-current, are distinguishable as chyle-vesscls, 
or “milky juice vessels.” While the chyle, or milky juiee, 
in consequence of the great amount of fat globules which 
it contains, appears milk white, the real lymph is eoloar- 
less, The ehyle, as well as the lymph, contain the same 
colourless amceboid cells (Fig. 9, vol. i p. 152), which are also 
distributed in the blood as colourless blood-cells (corpuseles) ; 
the latter contains, in addition, the much greater quantity 
of red blood-cells (corpuscles), which gives the blood of 
Skulled Animals its red colour. The distinction, common to 
all Craniota, between lymph-vessels, chyle-vessels, and 
Dlood-vessels, is to be regarded as the result of a division of 
labour which took place between different portions of an 
original unitary, primitive blood-vessel system (or hamo- 
lymph system). 

The heart, the contral organ of the circulation of the 
blood, which exists in all Craniota, also exhibits an advance 
in structure, even in the Cyclostoma. The simple spindle- 
shaped heart-pouch is separated into two divisions, or 
chambers, which are divided by two valves (Plate XT 
Fig. 16, kv, kk). The posterior division, the fore chamber 
(atriwm, hv), absorbs the yenous blood from the veins of 
the body, and discharges it into tho anterior division, the 
chamber, or main chamber (wentriculus, hi). From here it 
is propellod by the gill-artery stem (the foremost section of 
the ventral vessel) into the gills, 

In Primitive Fishes (Selachii), an arterial stalk (bulbus 
arteriosus), separated by valves, originates, as a distinct 
section, from the foremost end of the ventricle. Tt forms 
the enlarged, hindimost end of the gillartery stem (Pig. 
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299, abr). From each side of this, from five to seven gill- 
arteries proceed; these rise between the gill-openings (8) 
to the gillarches, encircle the throat, and combine above 
into & common aorta-stem, the continuation of which, 
passing backward above the intestine, corresponds to the 
dorsal vessel of Worms. As the arched arteries distribute 
themselves in a respiratory capillary net over the gill- 
arches, they thus contain venous blood in their lower part 
(as arterial gill-arches), and arterial blood in thelr upper 
part (ax aorta-nrches), The points at which separute aorta- 
arches unite, whieh oceur on the right and left sides, are 
called aorta-roots. Of an originally greater number of 
aorti-arches, only five pairs are retained, and from these 
five (Fig. 300), in all higher Vertebrates, the most im- 
portant parts of the arterial system develop. 





Pio. 299.—Head of an embryonic Fish, with the rudiment and tho 
Hlood-vewsel system ; seen from the loft aide: dq Cuverian duct (polut of 
union of the front and hind main veins); sv, venous sinus (enlarged 
terminal portion of the Carerian duet); a, auricle; ¥, main chamber; 
ale, gill-artory stem 4, gill-openings (between the arterial archos); ad, 
norte ; ¢', head-artery (carotis) ; m nose-geoore. (After Gegoubaur.) 





The appearance of the lungs, connected with the respi- 
ration of air, which first occurs in the Dipneusta, is most 
important in the further developement of the arterial 
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system. In Dipneusta, the auricle of the heart 
into two halves by the formation of an incomplete 
Only the right auricle now absorbs the venous blood of the 
body-veins, The left auricle, on the other hand, absorbs 
the arterial blood of the lung-veins; both auricles dis. 
charge in common into the simple ventricle, in which the 
two kinds of blood mingle, and are then propelled through 
the arterial stalk into the arterial arches. From the last of 
these latter spring the lung-artories (Fig, 301, p); these 
convey a part of the mixed blood into the lungs, while the — 
remainder is driven through the aorta into the body, 
From the Dipneusta upward, we trace a progressive — 
development of the vascular system, which finally Teads, 
with the loss of gill respiration, to n complete separation of 
the two parts of the double circulatory system. Tn Am- 
phibia, the partition between the two auricles becomes” 
complete. In their young form, these yet retain gill 
respiration and the circulatory system a8 in Fishes, and the 
heart contains only venous blood; at a later period, the 
lungs, with their vessels, are developed also, and the main 
chamber of the heart then contains mixed blood. In Pro- 
tamnia and Reptiles, the main chamber and the arterial 
stalk belonging to it begin to separate, by the formation of 
a longitudinal partition, into two halves, and this partition 
becomes complete in the higher reptiles on the one side, in 
the parent-form of Mammals on the other. Tho right half 
of the heart alone now contains venous blood, the left haif 
only arterial, as in all Birds and Mommala, The right 
auricle receives venous blood from the body-veins, and the 
right ventricle propels this through the Iung-arteries inte 
the Iungs; from there it returns as arterial blood through 
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the lung-veins to the left auricle, and is driven through the 
left ventricle into the body-arteries. Between the lung- 
arteries and lung-veins is situated the capillary system of 
the lessor, or lung-circulation; between the body-arteries 
and the body-veins lies the capillary system of the greater, 
er body-circulation. Only in the two highest Vertebrate 


SS 
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F10. 300.—Tho five artorvil arenes of Skulled Animals (1-5) in their 
ewiginal form: a, arterial stalk) a”, main stem of the aorta; ¢ head- 
artery (carotls, anterior continuation of the aorlarvola). (After Rathkes) 

Fie, 301—Tho five arterial arghes of Birds; the light portions of the 
rdiment disappear) only tho dark parte aro permanent, Letters as in 
Fig. 800; », arteries of tho clavioala (wub-clavinn) ; p, lung-artoryy p', 
branches of tho same. (After Rathke.) 

Fiv, #OL—The five arterial archos of Mammnlx. Letters as in Fig. 301 = 
%, ortebral artery; b, Hotalli’s doct (open in tho embryo, afterwards 
eloued)). (Aftor Rathkv.) 


classes, in Birds and Mammals, is this complete separation 
of the two coursos of the circulation porfect, Moroover, this 
separation has taken place in the two classes independently 


of each other, as is shown by the unequal development of 
the aortas. In Birds, which are descended from Reptiles, 
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the right hnlf of the fourth arterial arch has become the 
permanent arterial arch (areus aorta, Fig. 301) On the 
other hand, the latter has developed from the left half of 
the same arch (Fig. 302) in Mammals, which are directly 
descended from the Protainia. 

On comparing the arterial system in the various classes 
of the Skulled Animals (Craniote) in ita matured condition, 
it appears in very various forms, and yet it develops, in 
all, from the same primitive form, This development takes 
place in man exactly 2 in other Mammals; especially is the 
aodifieation of the five arterial arches preeizely the same in 
both eases (Figs 303-906). At first, only a single pair of 





Fes, 303-206.—Motamorphosis of tho five arterial arches in the human 
embryo (diagram after Rathko): ta, arterial stalk; 3, 2, 2, 4, &, the arterial 
‘archos from tho first to the fifth pair; ad, main tom of the mortay alm 
roots of the eorta In Fig. 303, three of the arterial arches are givens im Pig: 
304, tho wholo five (those Indicated by dots are not yet developed); in Fig. i, 
the Brat two have again disappeared ; in Fig. 306, the pormanent arterial 
stom aro represented. ‘Tho dotted parte disappear. 4, Sub.clarian artery ; 
%, vertebral artery) a, axillary artery; ¢ carotid artery (¢, eater, 
jnnee carvtie) ; pulmonary artery (lung-artery). 





arches develop, and these Tie on the inner surface of the 
first pair of gill-nrches (Figen. 147-150, vol. i. pp. 9395-808; 
Fig, 303). A socond and a third pair of arches then develop 
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behind the first, and these are situated on the inner surfaee 
of the second and third gill-arehes At length, a fourth and 
a fifth pair appear behind the third (Fig. 304); but while 
the latter are developing, the first two are again disappear- 
ing by growing together (Fig. 305). The permanent main 
arteries develop only from the three posterior arterial 
archos (3, 4, 5, in Fig. 304), the lung-arteries from the last 
(p; Fig. 306). (Cf. with this Fig. 902; 

‘The human heart also (Fig. 314) develops exactly like that 
of other Mammals, We have already considered the first prin- 
ciples of its germ-history (vol. i. pp. 892-995, Figs. 143-147), 
which essentially corresponds with its Phylogeny. We saw 
that the very first rudiment of the heart is a spindle-shaped 
thickening of the intestinal-fibrous layor in the ventral wall 
of the head-intestino (Fig. 143, df). This spindlo-chapod 
formation then becomes hollow, forms a simple pouch, and 
separates from the place at which it originated, so that it 
then lies freely in the cantiac cavity (Figs. 145, 146), This 
pouch bends into the form of an S (Fig. 144, c), and, at the 
same time, turns spirally on an imaginary axis, so that the 
posterior part lies on the dorsal surface of the anterior 
part, The combined yolk-veins open into its posterior 
extremity; from the anterior extremity proceed the arterial 
arches (Fig. 150, vol. i. p, 398), 

This first radiment of the human heart, which encloses 
a very simple cavity, corresponds to the heart of the As- 
cidians, and must be regarded as a reproduction of the heart 
of the Chordonia; it now, however, separates into two, and 








then three parts, thus exhibiting for a very brief period the 
heart-structure of the Cyclostoma and of Fishes, The spiral 
turn and curve of the heart inereases, and, simultaneously, 
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two shallow transverse indentations of the circumference 
appear, which externally mark the three sections (Figs. 307, 
308). The anterior section, which is turned toward the 





b, aurioul + ¢, anricle (atevum) ; «, vontrick 
three pairs of artorial archos. (After Bischoff) 

Fro, 308,—Heart of the mmo embryo (Fig. 807), from the fronts m 
otk, auricle; ea, anricular canil; 1, left ventricles #, right 
ventricle ; ta, artery-atalk. (After Bischoff) 

Fi, 900,—Hoart ond head of nn embrsonla Dog, from the fronts 
a, forebrain ; 8, oyon) ¢, mid-brain, d, primitive Jower jaw; 6 primitive 
upper jaw; J gill-archos; 9, right auricle; A, left auricle; 4, left ventricle ¢ 
k, vight vontriole. (After Bischoff.) 

Fro, 310.—Heart of the «amo embryo, from behind: a, entrance of the 
yelk-veinn; 8, left auricular procom ; ¢, right auricular procom ; dy ansicley 
© auricular canal; J left ventricle; y, right ventricle; hy artery-stalie 
(After Bischof.) 


















ventral side, and from which the aortal arches spring, 
reproduces the arterial stalk (bulhus arteriosus) of the 
Selachii. The central section is the rudiment of a simple 


chamber, or ventricle (ventriculus); and the posterior 








section, the one turned toward the dorsal side, into which 
the yelk-veins open, is the rudiment of a simple auricle 
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(atrium). The latter, like the simple auricle of the heart 
of the Fish, forms a pair of lateral protuberances, the heart 
ears, or auricular appendages (awrieule, Fig. 307,0); and 
hence the indentation between the auricle and ventricle is 
ealled the auricular canal (canalis auricularis, Fig. 808, ew). 
The heart of the human embryo is now a complete Fish 
hoart, 

Corresponding oxactly with the Phylogeny of the human 
heart (Table XLL), its Ontogeny exhibits a gradual tran- 
sition from the Fish heart through the Amphibian heart to 
the Mammalian heart, The most important step in this 
wivance is the formation of n longitudinal partition, im- 
perfect at first, afterwards complete, by which all the three 
sections of the heart are separated into a right (venous) and 
a loft (artgrin!) half (Ch Figs 809-814) ‘The auricle 
(atrium) is thus divided into a right and a left auricle, each 
of which acquires its respective auricular process; the body- 
vein discharge into the right auricle (ascending and de- 
scending vena caver, Fig. $11, ¢, Fig. 318, ¢); the left auricle 
receives the lung-veins. Similarly, a superficial “inter- 
ventricular furrow” (sulcus interventricularis, Fig, $12,8) 
appears at an early period on the main chamber of the 
heart, the external expression of the internal partition, by 
the formation of which the ventricle is divided into two 
chambers, a right (venous) and a left (arterial) ventricle, 
Finally, a longitudinal partition forms, in a similar way, 
in the third section of the primitive heart, which so much 
resembles that of a Fish, in the arterial stalk, which is also 
externally indicated by a longitudinal furrow (Fig. 312, af). 
This separates the cavity of the artery-stalk into two 
lateral halves; the main lung artery, which opens into the 
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Pio. SU. Fig, 313, 


Fio. 311.—Hoart of a human ombryo of four weeks; 1,"from the fromt : 
2, from the back ; 8, opon, and with the upper half of tho auricle removed ¢ 
2’, loft auricular process; 0”, right auricular provean; v’, left rontrichey 
v"; right ventricle | a, artery-stalky c, upper hollow voin (eves eae) oh 
right, ¢s, loft); 4, radiment of the partition, between tho ebambers, (After 
Koolliker,) 

Fra. 312. —Heart of o human embryo of six weeks, from the freat: 
fy Fight vontriole ; ¢, left ventricle; 4, furrow between the two ventricles; 
Gs, aortery-stalk; af, furrow on ita surface; at the right and left nro the 
two large auricular processes of tho heart, (Aftor Beker.) 

Fic. 813.—Hoart of a human embeyo of oight weeks, from behind: 
a’, loft auricular peocosa; a”, right aurienlar process; vf, left ventricles 
v", right veutcicle; ai’, right upper vena cae ; cr, lofe Oper rena comes 
lower vena cava, (After Koolliker.) 

Fro. 314—Heart of haman adalt, porfectly developed, from the front, in 
ita natnral position : 4, right auricular process (below it, the eight ventricle) » 
, loft anrioular process (below it, the left ventricle); C, upper swum eam y 
¥, lung-velas; P, lung-artery; d, Botalli's duct; A, norte. (After Meyer.) 














right ventricle, and the aorta-trunk, which opens into the 
left. ventricle. Not until all these partitions are complete, 
is tho Jesser, or lung-cireulation, entirely distinet from the 
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greater, or body-circulation ; the right half of the heart is 
the centre of motion for the former, the left half for the 
latter. (Cf. Table XLL) 

In the human embryo, and in all other Amniota, the 
heart originally lies far forward on the lower side of the 
head, as in Fishes it remains permanontly near tho throat. 
Afterwards, with the advancing development of the neck 
and chest, the heart continually moves further back, until 
at last it is situated in the lower part of the breast between 
the lungs. At first its position is symmetrical, in the central 
plane of the body, so that its longitudinal axis corre- 
sponds with that of the body (Plate IV. Fig. 8). In most 
Mammals it retains this symmetrical position permanently ; 
but in the Apes the uxis begins to incline obliquely, and to 
move the apex of the heart to the left side, This inclination 
is carried furthest in the Man-like Apes; in the Chim- 
panzeo, Gorilla, and Orang, which also resemble Man in 
this oblique position of the heart. 

‘The gorm-history of all other parts of the vascular system, 
like thgt of the heart, point out many and valuable facts re~ 
garding the history of our descent, Butasan accurate know- 
ledge of the complex arrangement of the entire vascular system 
of Man and other Vertebrates is required, in order to follow the 
matter sufficiently far to make it intelligible, we eannot here 
enter into any further detail Moreover, many important 
features in the Ontogeny of the vascular system, especially 
in regard to the derivation of its various parts from the 
secondary germ-layors, are aa yet very obacure and doubtful, 
‘This is true, for example, of the question as to the origin of 
the coelom-epithelium—that is, of the cell-layer coating the 
body-cavity. Probably there is an important phylogenetic 


wall 
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distinction between tho exocerlar, or the parictal ceolom- 
epithelium, which originates from the skin-fibrous Inyer, and 
the endoceelar, or the visceral coolom-epitheliom, which 
is derived from the intestinal-fibrous layer. The former 
is, perhaps, connected with the male germ-epithelium (the 
rndiment of the testes), the latter with the female germ- 
epithelium (the rudiment of the ovary). (Cf. Chapter XV.) 








TABLE XL, 


Srevemaric Suuvex or THe Most ieroKrant Pentovs ix tae PnrLooEsy 
ov THe Hwan Vascuan SvsriM. 








I. First Period : Vascular System of the earlier Seotecida. 


Hovwoon the skin.covering and tho intestinal wall ix formed a smple 
body.cavity (certoma), ov a perientoria ouvity (ns in the axtant Hryesca wed 
thor Caslomati), 





LU. Becond Perix 





Vascular Syatews of the more recent Seotociita. 

‘Tho firat real blowd-vomels form in the intestinal wall Gn the fntewtinale 
fibroos inyer), 0 dorsal vessel in th al Tino of the dorsal side of Uw 
intostinal tube, and a ventral vessel in the central line of ite wontral side, 
‘Tho two vomela are connected by several circular yemels, encircling the 

tine, 











TUL, Third Period » Vascular System of the earlier Choritonta. 

Ry the modifiention of the anterior half of tho intestine into m gill. 
fntovting, tho antorior avction of the ventral vessel becomes  gilLartery, 
and the anterior section of the dorsal yossel a gillvoin; botwoem the two 
a gill capillary network devolopa 


IV, Fourth Period; Vascular System of the more recent Chordonta, 


‘Tho portion of the ventral vessel, lying immediately behind tha gill 
Intestino, enlargos to & simple hoart-ponch (Ascidian). 
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‘Ve PYth Period : Vaxcular System af the Acranios 

‘The ventral veeel (intestinal vein) forms, round the developing liver. 
smo, the first rudiment of  veua porte oyster. 

VL. Sixth Periods Vascular System of the Cyclostomé, 

‘The singlochambered heart divides tuto two chambers: » posterior 
ventriclo, and an anterior auricle. ‘Tho lymph-vessel system develops aide 
hy sido with the blood-voaol system. 

VIT. Senenth Periods Vascular System of the Primitive Wishes, or Selachit, 

Frem the anterior section of the main chimbor of the heart aries an 
artery-stalk or trank, from which five (7) pairs of ortarial arches proceed. 

VIN. Bighth Period « Vascular Syatem of the Mud-fehes. - 


From the last ((fth) pair of arterial arches the lungearteries develop, 
x in tho Dipnousta, 


IX. Ninth Period ; Vaseular Syrtem of Amphibia, 
‘Tho gillarchos gradually disoppeor with the gills. The xight and left 
aorta} arches remain, 
X. Tenth Period : Vascular System of Mammals. 


The eoparation of the greater from the lesser clvculation is complete. 
‘The right aortal arch unites with Botalli's duet. 


TABLE XLL 


‘Srovemanio Gvever or te Most HromrANr Peatons tx tax Povtoornt 
or tHe Humax Heart, 


L Firat Period : Heart of Chordonta, 


‘The heart forms & simple spindle-shaped ecolargement of the ventral 
eeiol, with an alternating blood-current (ns in Asoidin), 


IL. Second Period: Heart of Acrania. 


‘he heart is Like that of Chordonia, but the blool-current squires 
A constant direction, passing only from back to front. (Nevrogruled in 
Amphioxus.) 





. 
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TIL. Third Period: Heart of Cyolostoma, 
‘The heart divides into two chambers, a posterior auricle (atrium) art 
en anterior ventricle (ventrieulus), 
IV. Pourth Periods Heart of Primitive Fishes, 
From the anterior section of.the ventricle ix differentiated on artorial 
talk (bulbus arteriosus), ax in all Solschii. 
‘Y. FYth Period : Heart of the Mud-fshes. 


‘The auricle divides, by on imperfect and inteerupted partition, into 
a right ond a loft balf, ax in Dipnousta. 





VI. Sivth Period + Heart of Amohibia. 


* The partition betwoon tho right and left muriclos booomes complete, as in 
the higher Amphibia, 





VI. Seventh Deriod : Heart of Protas 
‘Tho main chamber of the hoart di 
a right anda left half, as in Reptiles. 


ia. 
dos, by on incomplete partition, into 





VIL, Eighth Period : Heart of Monotromas 
Tho jartition between the right and Left ventricles booomes complete, aa 
in all Mammals, 


IX. Ninth Period: Heart of Marzupi 


‘Tho valves between the auricles and vente 


ls. 

lon (atrio-rentrionlar valves), 
together with the counecting filament and papillary muscles belonging to 
thom, arv differentiated from the muxcalar masses of Monotremes. 








X, Tenth Period Meart of Apes 


‘Tho main axis of tho hoart, lying in the contrat line of the body 


Vecomes oblique, so that tho apex is tuencd to the left, as in Apes and 
Man. 
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TABLE XLIT, 


Systematic Survoy of thoso Primitive Organs which must probably bo 
rognrided ax homologous in Worms, Articulated Animals, Soft-bodled 


Animals, and Vertebrates” 
‘Articulated 
‘Worms 
Animale 
ptiyeet. Cartnrap. 





1. Products of the Diferentiation of the Shin-sensory Layer. 





1. Outer shin 1. Chiinows skin 
Li eZ rms) 


R 

salient 
f = 

2. Bservtory organs | 8. io of the: 


(water ~ veal, 
segnontalorgane, 








Boft-bodied 
Vertebrates 
‘Asimals — 
(aaivan, f % 
aioenery 
2 One, Cone 
2, Beals * wafry Coes 
ter 
2 Primitive kidneys 
fo le 
mental, pi 




















4. Leather-tkin 4 Leatber-tkin 4 Lantherskin | 4, Lawtbershin 
(arin) ‘ioodienk) ‘curtum) |) "ferruim 
ee together wiih the 
aie Boro 
"Tronk-twseles 8 de trunks 
& Ksensiar Innornwst | 6, Raveentar tnnerimost 4 Exoowlar _parletat 
‘ati-layer of the | eltelayer of he ‘epltbetiamt 
wail (abu | aadyowai © (alo nk (a 
‘ger-plat) grri-platey| jgoru-plaiot) 
Lefibrous Layer. 











20, Ventral vessel 
234 Sato wall ex-| 11, tntetnat walt (en- 


0. — 


eee ait | ae th 
im" ™ itm) 





1. Bay-eavty 
(Criomay 

4. Heed lacorat 
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Sotom 
vit ihe 
rm.plten) 

% Chamber of the! Aorta (prorat 
Dart (and mals es 
anny) 

om 10 Heart (and gle 
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IV. Products of the Diferentiation of tha Intostinal-glandular Layer, 





12 Kotetinal epithe | 18. Iniestinal epie- 
‘a ‘um 





12, Tnentinal epithe | 12 futentnal epee 
‘ula Err naiids 











CHAPTER XXV. 


DEVELOPMENT OF THE URINARY AND SEXUAL ORGANS, 


Importance of Reproduction.—CGrowth.—Simpleat Forms of Asexual Repro~ 
ductioa: Division aud the Formation of Buds (Gemmation) Simplest 
Forms of Sexval Reproduction: Amalgamation of ‘Two Differentiated! 
Colla; the Male Sperm.coll and the Fomale Bxgg.coll. Fertilization — 

Soares of Love.—Original Hormaphroditiem ; Later Separation of the 

Sexos (Gonochorian).—Original Development of the Two Kinds of 

Sexual Cells from the Two Primary Germ-layers.—'The Male Exodeem 

and Female Entoderm.—Dorelopment of the Testes and Ovaries — 

Passage of the Sexual Colle into the Calom.—Hermaphredite Rediment 

of the Embryonic Epitheliam, or Sexonl Mato.—Channols of Exit, er 

Boxual Ducts,—Egg-dact and Socd-duct.—Development of these from 

tho Primitive Kidney Ducts, —Excrotory Orguns of Worms Coiled 

Canals” of Ringed Worms (Annetida).—Side Canals of the AmphMoxes. 

-=Primitive Kidneys of the Myxinoides —Primitive Kidneys of Sikulled 

Animala (Craniota).— Development of tho Permanent Secondary 

Killnoys in Amniota.—-Dovelopment of tho Urinary Bladder from the 

Allantois.—Differcatiation of the Primary and Secondary Primitive 

Kiduey DuctamThe Millerian Duct (Bgg-duot) and the Wolffian Duck 

(Seed-duct)—Chonge of Position of tho Germglands in Mammalse= 

Formation of the Egg in Mamzmnls (Graaflan Folticle}—Origin of the 

External Sexoal Oryunt,—Formation of the Cloaca —Horwiaphreditien 

in Mam, 






































“The most important truths in Natural Solence aro @lacorered, neither 
by the mero analysia of philosophical ideas, nor by simple experience, bub 
by reflective experience, which distinguishes the ceseutial from the seeidemtal 
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Im tho phoncuens observed, and thus finds principles from which many 
can be derived, ‘Thix ix mons than mere experiencus it in, 
50 to spoak, philesophical exporience."—Jonaxnas MOLuEn (1840). 


Tr we judge of the importance of the organ-systems of the 
animal body according to the number and variety of 
phenomena which they present, and according to the 
physiological interest connected with them, we must recog- 
nizo as one of the most important and interesting organic 
aystems, the one to the development of which we now, 
finally, turn; the system of the reproductive organs, Just 
us nutrition is the first and most important condition of 
self-preservation of the organic individual, so by repro- 
duction alone is the preservation of the kind or species 
efficted, or, rather, the preservation of the Jong series of 
generations, which in their genealogical connection form the 
sum of the organic tribe, or phylum. No organic individual 
enjoys an cternal life. To cach ix granted but a short 
span of time for his individual evolution, a brief, fleeting 
moment in the long millions of years of the carth’s organic 
history. 

Reproduction in connection with Heredity has, there- 
fore, long been regarded ns, after nutrition, the most 
important fundamental function of the organism, and it is 
customary to make this a primary distinction between 
living bodies and lifeless or inorganic bodies. But this 
distinction is in reality not so deep and thorough as it ab 
first appears, and a3 is generally assumed, For, if the 
nature of the phenomena of reproduction is closely con- 
sidered, it is soon seen that it may be reduced to a more 
general quality, that of growth, which belongs to inorganie, 
asx well as to organic bodies. Reproduction is a nutrition 
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anda growth of the organism beyond the individual: 
which, therefore, raises a part of the organism to the rank 
of a whole (vol, i. p, 159). This is most clearly seon by 
observing the reproduction of the simplest and lowest 
organisms, especially of the Monera (p, 46) and of the one~ 
celled Amorba (p, 45). In these, the simple individual pos 
sesses only the form-value of a single plastid. Ax oon as, 
hy continued nutrition and simple growth, this has reached 
a certain size, it does not exceed that size, but falls, by 
simple division, into two similar halves. Each of these 
two halves thenceforth leads an independent life, and again 
grows, till, having reached the same limit of growth, it 
more divides. At each of these simple self-divisions, two 
new central points of attraction for the particles of the 
body are formed, as foundations of the two new indie 
viduals : 
In many other Primitive Animals (Protozoa), the shaple 
reproduction is accomplished, not by division, but by the 
formation of buds (gemmation). In this case, the growth, 
which propares the way for reproduction, is not tutal (az in 
the caso of division), but partial, Hence in the ense of 
gemmation, the product of local growth, which, as a bud, 
forms & new individual, can be distinguished, as a young 
individual, from the parent-organism from which it 
originates. ‘The latter is older and larger than the former. 
In the caso of division, on the contrary, the two products 
are of equal age and of equal form-valuo, Further 
differentiated forms of asexual reproduction, connected 
with gommation, are, thirdly, the formation of germ-buds, 
and, fourthly, the formation of germ-cells, The latter, 
however, brings us directly to soxual reproduction, for which 
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the opposed differentiation of the two sexes is the condition. 
Tn my Genevelle Morphologie (vol. ii pp. 32-71), and in 
my “Natural History of Creation” (vol i p. 183), I 
have fully discussed the connection of these various forms 
of reproduction. 

None of the carlicst ancestors of Man and of the higher 
animals were capable of the higher function of sexual 
reproduction, but multiplied only in an asexual manner, by 
division or gemmation, by the formation of germ-buds, or of 
germ-cells, as is still the case with most Primaval Animals 
or Protozoa. It was not until a later period in the organic 
history of the earth, that sexual difference of the two 
sexes could arise; and this took place at first in the 
simplest mannor by the severance of two colls which 
amalgamated from the community of the many-celled 
organism. We may say that, in this ease, growth, which is 
the condition necessary to reproduction, was attained by 
the union of two full-grown cells into @ single eell which 
then exceeded its proper size (“copulation” or conjuga- 
tion"). At first, the two united cells may have been 
entirely alike. Soon, however, by natural selection, a con- 
trast must have arisen between them. For it must have 
boon very advantageous to the nowly-created individual in 
the struggle for existence, to have inherited various quali- 
ties from the two parent-cclls. The complete development 
of this progressive contrast between the two producing 
cells, led to sexual differentiation. One cell became a 
female egg-cell, the other, a male seed or sperm cell. 

‘The simplest form of sexual reproduction among existing 
animals, is exhibited in Gastrwads and the lower Sponges, 
especially the Chat Sponges, and, also, in the simplost 
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Hydroid Polyps. In the Haliphysema (Fig, $15) and in 


the Olynthus the whole body is a simple intestinal pouch, 
which is only essentially distinguished from the gnstrula by 


the fact that it is adherent by the end opposite the mouth. 


The thin wall of the pouch consists only of the two 
primary germ-laycrs. As soon as it is sexually maturo, 
single cells of the wall become female egg-cells, others 
become male sperm-cells, or seed-cells; the former grow 
very large, as they form a considerable number of yelk- 
granules in their protoplasm (Fig. 181, ¢); the latter, on the 
contrary, by continued division, become very small, and 
modify into movable “pin-shaped” spermatozoa (Fig. 17, 
vol.{.p.173). Both kinds of cells sever themselves from their 
birthplace, the primary germ-layers, fall either into the 
surrounding water or into tho intestinal cavity, and there 
unite by amalgamation. ‘This is the very important process 
of tho fertilization of the egg-coll by the sperm-cell, (Of 
Fig. 18, vol. i. p. 175.) 

These simplest processes of sexual reproduction, as 
exhibited at the present time in the lowest Plant Animals, 
especially in the Chalk Sponges and Hydroid Polyps, inform 
us of several extremely important and significant faets: 
in the first place, we learn, that for sexual reproduction in 
its simplest form, nothing more is required than the 
blending or amalgamation of two differing cells, a female 
ogg-cell and a male sperm-cell, or seed-cell. All other 
circumstances, and all the other extremely complex pheno- 
mena, accompanying the act of sexual reproduction in the 
higher animals, are of a subordinate and secondary charac- 
ter, and have only attached themselves secondarily to that 
simplest. primary process of copulation or fertilization, or 
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have arisen by differentiation, But, now, if we consider 
what an extraordinarily important part is everywhere 
played by the relation of the two sexes in organic nature, 
in the vegetable kingdom, as in animal 
and human life; how the reciprocal 
inclination and attraction of the sexes, 
love, gives the impetus of the most 
varied and remarkable processes, is, 
even, one of tho most important 
mechanical causes of the highest 
differentiation in life ;—if we consider \ 
this, we cannot over-estimate this re- 
tracing of “love” to its primitive 
source, to the power of attraction be- 
tween two differing cells. Every- 
where throughout animated nature 


Hto, 315,—Longitadinal section through a 
Hliphyeoma (Gastrada), "The ogg-cella(*) aro 
onlarged epithelial colle of the entoderm (9), 
anit lie freely in the primitive intestinal cavity 
(@)* ™ month-opening ; A,exnderm, 





the greatest results proceed from this most insignificant 
cause. It is only necessary to think of the part played in 
nature by the flowers, the reproductive organ of flowering 
plants; or of the multitude of wonderful phenomena 
caused by sexual selection in animal life; or, finally, of the 
important influence exerted by love on human life: the cou- 
Ieacence of two cells is everywhere tho single, original 
impelling motive; everywhere this apparently trivial pro- 





30 THE EVOLUTION OF MAN. 


cess exerts the greatest influences on the development of the: 
most varied circumstances’ We may, indeed, assert, that 
no other organic process can be, even remotely, compared to 
this in extunt and intensity of differentiating effect. For 
is not the Semitic myth of Eve, who seduced Adam to 
knowledge, and is not the old Greek legend of Paris and 
Helen, and are not very many other famous fictions, merely 
the poetical expression of the immeasurable influence, whicl 
love, in connection with “sexual selection,”™ has exerted, 
ever since the differentiation of the two sexes, om the pro- 
gross of the world’s history? All other passions that agitate 
the human breast aro in their combined effects far lew 
powerful than love, which inflames the senses and fools the 
understanding. On the one hand, we gratefully glorify love 
as the source of the most splendid creations of art; of the 
noblest productions of poetry, of plastic art and of music” 
we reverence in it the most powerful factor in human 
civilization, the basis of family life, and, consequently, of 
the development of the state, On the othor hand, we fear 
in it the devouring flame which drives the unfortunate to 
ruin, and which has caused more misery, vice, and crime, 
than all the other ovils of the human race taken together. 
So wonderful is love, and so immeasurably important is its 
influence on mental life, on the most varied functions of the 
medullary tube, that in this point, more than in any other, 
“supernatural” causation seems to mock every natural 
explanation. And yet, notwithstanding all this, the com- 
parative history of evolution leads us back very clearly and 
indubitably to the oldest and simplest source of love, to 
tho elective affinity of two differing cells: the sperm-cell 
and the egg-cell. 
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Just a3 the lowest Plant Animals exhibit this most 
‘simple origin of the complex phenomena of reproduction, 
so, in the second place, they reveal the highly important 
fact, that the carlicst and most primitive sexual relation 
owas hermaphroditism, and that the separation of the sexes 
originated from this only secondarily (by division of Inbour), 
Hermaphroditism is prevalent in lower animals of the most 
different groups; in these, cach single individual, when 
sexually mature, each person, contains male and female 
soxual cells, and is, therefore, capable of self-fertilization 
and self-reproduction, Thus, not only in the lowest Plant 
Animals just mentioned (the Gastrwads, Chalk-sponges, 
and many Hydroid Polyps) do we find egg-cella and 
sperm-cells united in one and the same person; but 
many Worms (for example, the Ascidians, Earth Worms 
and Leeches), many Snails (the common garden Snail), and 
many other invertebrate animals are also hermaphrodite, 
All the earlier invertebrate ancestors of man, from tho 
Gastrwada up to the Chordonia, must also have been her= 
maphrodite. So, probably, were also the earliest Skulled 
Animals (Figs. 62-56, ¢, 4, vol, i. p. 256), One extremely 
weighty piece of evidence of this ia afforded by the remark- 
able fnet, that even in Vertebrates, in Man as well as other 
Vertebrates, the original rudiment of the sexual organs is 
hermaphrodite. The separation of the sexes (Gonocho- 
vism), the assignment of the two kinds of sexual cells 
to different individuals, originated from hermaphroditism 
only in the farther course of tribal history. At first, male 
and female individuals ditferod only in the possession of the 
two kinds of cells, but in other respects were exactly alike, 
a3 is now the case in the Amphioxus and the Cyclostoma, 
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Not until a later period, by the law of sexual selection, so 
brilliantly elucidated by Darwin, were developed the s0- 
called “secondary sexual characters,” that is, those dif- 
ferences in the male and female sexes which aro exhibited, 
not in the sexual organs themselves, but in other parts of 
the body (for example, the beard of the man, the breast of 
the woman). 

‘The third important fact, taught us by the lower Plant 
Animals, refers to the earliest origin of the two kinds of 
sexual cells, For,as in Gastrwads, and in many Sponges and 
Hydroids, in which wo meet with tho simplest rudiments 
of sexual differentiation, the whole body consists throughout 
life only of the two primary germ-layers, the two kinds of 
sexual cells can, therefore, only have originated from celle 
of the two primary germ-layers. This simple discovery ix 
of extreme importance, because the question of the first 
origin of the egg-colls as well as of the sperm-cells in the 
higher animals—and especially in Vertebratos—presents 
unusual difficulties. In these animals it usually appears 
as if the sexual cells developed, not from one of the two 
primary, but from one of the four secondary germ-layers 
If, as most authors assume, they do originate from the 
middle-leyer, or mesoderm, the fact is due to an ontogenetic 
heterotopisin, to a displacement in position. (Cf. voli. p. 18) 
Unless the unjustifiable and paradoxical assumption, that 
the sexual cells are of entirely different origin in the higher 
and in the lower animals, is necepted, we are compelled to 
derive thom originally (phylogonotically), in the former as in 
the lattor, from one of the two primary germ-layers. Tt must 
then be assumed that these cells of the skin-ayer or of 
the intestinal layer, which must be regarded as the earliest 
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progenitors of the sperm-cells and of the egg-cells, with- 
drew, during the separation of the skin-fibrous layer from 
the skin-sensory layer, or of the intestinal-fibrous layer 
from the inteatinal-glandular layer, into the body-cavity 
eelome), which was in process of formation; and that 
they thus acquired the internal position between the two 
fibrous layers, which appears as their original position, 
when the sexual cells first become distinct in the vertebrate 
embryo. Otherwise, we should be obliged to accept the 
improbable polyphyletic hypothesis, that the origin of the 
egg-cells and sperm-eclls ix different in the higher and in 
the lower animals, that their origin in tho former is inde- 
pendent of that in the latter. 

If we, accordingly, derive the two kinds of sexual cells 
from the two primary germ-layers in man as in all other 
animals, the farther question arises: Did the female egg. 
cells and the male sperm-cells develop from both primary 
germ-layors, or from one only? and, in the latter case, from 
which of the two? This important and interesting question 
is ono of the most difficult and obscure problems in the 
history of evolution, and, up to the present moment, no full 
and clear solution has been attained. On the contrary, 
the most opposite answers are given to it even yet by 
naturalists of note. Among the various possible solutions 
only two have been generally considered, Tt has been 
supposed that both kinds of soxual cells originally de- 
yeloped from the same primary yerm-layer, either from the 
skin-layer or the intestinal layer; but almost as many and 
ag ablo observers have accepted the one as the origin as 
the other. Quite recently tho Belgian naturalist, Eduard 
yan Beneden, has asserted, on the contrary, that the egg-cells 
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originate from the intestinal layer, the sperm-ells froma the: 
skin-layer™ In Gastrwads, Sponges, and Hydro-meduse 
this appears really to be the case. The development of, 
sexual differences, which is so rich in results, must, ae- 
cordingly, have commenced even during the differentiation 
of the two primary germ-layers in the simplest and lowest 
Plant Animals; the exoderm would be the male gorm-layer, — 
the entoderm, the female. If this discovery of Van Beneden — 
is established and proves to be a universal law, Biology will 
gain a most pregnant advance; for not only would all the — 
contradictory empiric explanations be answered, but a new 
path would be opened for philosophic reflection on one of — 
the most important of biogenetic processes, 

If wo now trace the Phylogeny of the sexual cama | 
in our earliest Metazoic ancestors farther, as it is indicated, 
at the present time, in the Comparative Anatomy and — 
Ontogeny of the lowest Worms and Plant Animals, wo 
note, a5 the first advance, the accumulation of the eels of 
both sexes into definite groups While in Sponges and 
the lowest Hydra-Polyps single scattered cells separate from 
the cell-layers of the two primary germ-layers, and become 
isolated and frve sexual cells, in the higher Plant Animals 
and Worms we find these same cells associated and eal. 
lected into groups of aggregate cells, which are, heneg 
forward, called “sexual glands,” or “ germ-glands” (gonades), 
It is only now that we can speak of sexual organs in the 
morphological sense. The femalo gormeglands which, ag 
such, in their simplest form constitute a mass of home 
genous egg-cells, are the ovaries (ovaria, or oophora; Fig, 
S11, ¢, p. 198). The male germ-glands, which in their 
primitive form also consist merely of a mass of sperm-celly, 
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are the testes (Cesticuli, or orchides; Fig. 211,h), We find 
the ovaries and testes in this carliest and simplest shape 
‘nob only in many Worms (Asnelida) and Plant Animals, 
‘but also in the lowest Vertebrates, in the Skull-less Animals 
(Aerania). In the anatomy of the Amphioxus we found the 
ovaries of the female and the testes of the male consisting 
of twenty to thirty elliptic or roundly four-cornered simple 
snes, of small size, attached to the inside of the gill-cavity 
‘on cach side of the intestine. (Cf. vol. i. p. 425.) 

Only a single pair of germ-glands, lying far down in the 
floor of the body-cavity (ig. $16, g), exist in all Skulled 
Animals (Craniota), The first traces of these appear in the 
ecelom-epitheliam. Probably, in this case also, the male 
sperm-cells originate from the skin-layer, the female egg- 
cells, on the contrary, from the intestinal Inyer, The earliest 
traces are visible in the embryo at the point where the 
skin-fibrous layer and tho intestinal-fibrous layer meot in 
the middle plate (mesentery-plate) (Fig. 318, mp, p. 408). 
At this very important point in the eolom-wall, where the 
endocerlar (or viseeral eclom-epithelium) merges into the 
exoconlar (or parietal ccclom-cpithelium), in the embryo of 
Man and the other Skulled Animals a small aggregation of 
cells becomes visible, at a very early period, and this, accord- 
ing to Waldeyer)” we may call the “germ-epithelium,” or 
(corresponding with the other plate-shaped rudiments of 
organs) the sexual plate (Fig. 316,g; Plate LV. Fig. 5,k). ‘The 
cells of this germ-plate, or sexual plate (lamelle aeawalis) are 
essentially distinguished by their cylindrical form and by 
their chemical constitution from the other cells of the 
eoelom ; they are of quite different significance from the flat 
calls of the “serous colom-epithelinm” which line the 





400 THE EVOLUTION OF MAS. 

remainder of the body-eavity (calonue), Of these latter— 
the truc cclom-cells—those which invest the intestinal 
tube and the mesentery ("endoowlar”) originate from the 





Fio.316,—Trmnsvaree section through the pelvic region and the bind 
limbs cf an embryo Chick in the fourth day of incubation, enlarged about 
40 timex: th, horm-plato; w, medullary tabes m, canal of the medullary 
tube; u, primitive kidneys; ©, notochont; ¢, hind limbs ; 6, alinntois eanal 
in ventral wall; #, aortas v, cardinal voina; a, intestine; d, intestinal. 
glandalor Inyer; f; intestinal.fibroas layors 7, gorm-cpitheliams ¢, dersal 
muscles; ¢ body-carity, or Colom, (After Waldeyer,) 


intestinal-tibrous layer (in Fig. 5, Plate 1V., coloured red); 
those which line the inner surface of the external wall of 
the abdomen (“exocalar”) are, on the contrary, the prodlans 
of the skin-fibrous layer (coloured blue in Fig. 5, Plate IV.); 
but the sexual cells which make their appearance at the 
boundary line between the two forms of ccelom-cells, and 
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which insert themselves, to a certain extent, between the 
endocelar and the exocelar, there forming the germ- 
plate, cannot be referred either to the intestinal-fibrons 
layer or to the skin-fibrous layer, but directly to the two 
primary germ-layers; for there are important grounds for 
supposing that even the first rudiment of the sexual plate is, 
probably, hermaphroditic, and that this “sexual epithelium” 
(visible, in Man and all other Vertebrates, between the exo- 
cwlar and the endoccelar) represents a primeval and simple 
hermaphrodite gland. (Cf. vol. i. p. 256, Figs, 52-56, «, h.) 
‘The inner half of this, in eontaet with the intestinal-fibrous 
layer, which is derived from the intestinal-glandular layer, 
would be the rudiment of the ovary; its outer half, in 
contact with the skin-fibrous layer, which originates from 
the intestinal-glandular layer, would be the rudiment of the 
testes. ‘This is, of course, only conjectural. 

We ought, accordingly, to distinguish two different 
sexual plates or germ-cpithelia ; the female sexual plate, a 
product of the intestinal layer, which gives rise to the 
ovary-epithelium—the mother cells of the ova (*ovary- 
plate”); and the malo sexual plato, lying externally avor the 
former, and which iz a product of the skin-layer, from which 
originates the testea-epithelium—the mother cells of the 
‘sperm-threads (“testes-plate"”); but even the first recog- 
nizable rudiments of the two sexual plates appear, indeed, 
#0 intimately associated in the human embryo and in those 
of the higher Vertebrates, that hitherto they have been re- 
garded as « single, undifferentiated, common rudiment of an 
organ ; and it is still possible that the two kinds of sexual 
glands arise by secondary differentiation from a common 
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Though we must recognize the formation of the two 
kinds of sexual cells, and in their union at fertilization as 
the one essential act of sexual reproduction, yet, in the great 
majority of animals, other organs exist which also take 
part in the act of fertilization. The mest important of 
these secondary sexual organs are the exit-ducts which 
serve to conduct the mature sexual cells out af the body, 
and, next to these, the copulative organs, which transmit 
the fertilizing sperm from the malo person to the female, 
in which the eggs are situated, These Jatter organs exist 
only in the higher animals of various tribes, and are far less 
widely distributed than the exit-ducts. Even these latter, 
however, are only of secondary formation, and are wanting 
in many animals of the lower groupa. In these, as a rule, 
the mature sexual cells aro simply ejected from the body, 
In some cases they pass out directly through the outer 
skin-covering (as in the Hydra and many of the Hy- 
droidea); in other cases, they enter the stomnch-cayity, 
and are ejected through the mouth-opening (in. Gastneads, 
Sponges, and other Hydroid Polypes and Corl Animals); 
in yet other eases, they enter the body-cavity and 
pass out through a special aperture in the ventral wall 
(porus genitalis). ‘Tho latter is the case in many Worms 
and even in a few lower Vertebrates (Cyclostoma and 
a fow Fishes). These indicate the earliest condition of 





this matter as it was in our ancestors, On the other 
hand, in all higher, and most lower Vortebrates (aa also 
in most higher Invertebrates) special tube-shaped exit- 
duets from the eexnal cells, or sexual ducts (gonophori), 
convey the 
lls out from the ovaries, and hence they have been 





present in both sexes. In the female th 
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called egg-duets (oviductus, or tube fallopiw). In the 
male sex these tubes convey the sperm-cells from the testes, 
and heneo they aro called aperm-ducts (spermeaductua, or 
vase deferentia). 

The original, genetic condition of these two outlets 
is exactly the samo in Man as in all higher Vertebrates, 
while in most Invertebrates it is entirely different; for 
while in the latter the sexual ducts develop directly from 
the sexual glands, or from the external skin, or from the ine 
testinal canal, in Vertebrates an organ-system is employed 
for the conveyance of the sexual products; one which origin- 
ally had a very difforent significance and function—the 
kidney system, or urinary organs. The original, primary fune- 
tion of these organs is simply to climinate useless matter 
from the body in a liquid form, ‘The liquid product of this 
seeretion is called the urine, and is discharged either directly 
through the external skin, or through the last section of the 
intestine. The tubo-shaped “urinary duets" only second- 
arily absorb the sexual products also and convey them out; 
they thus become “urogenital ducts" (ductus urogenitales). 
‘This remarkable secondary combination of the urinary and 
the aexunl organs into a common “ urogenital apparatus,” or 
“grogenital systom,” is highly characteristic of the higher 
Vertebrates. In the loweat of these it is, however, wanting, 
while, on the other hand, it is found in the higher Ringed 
Worms (Annelida). To estimate this rightly, we must first 
glance at the comparative economy of the urinary organs 
ax a whole. 

The kidney system or urinary system (systema wroe 
poetioum) is one of the earliest and most important organ- 
systems in the differentiated animal body, as has already 
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been incidentally mentioned. (Cf. Chapter XVIL) 
found almost universally distributed, not only in 
animal tribes, but even in the more primitive Worm 
Among the latter it even occurs in the lowest and 
imperfect known Worms—tho Flat Worms (Plathel 
(Fig, 184, ne, p. 80). Although these acoomatous Wo i 
have no body-cavity, no blood, no vascular system, they 
always have a kidney system. It consists of a pair of — 
simple or of branched canals, lined by a layer of calls, which 
absorb uscless juices from tho tissues and dischange 
through an external skin-opening (Fig. 184, am), Nob 
only the free-living Gliding Worms (Zurbellarta), bub alwo 
the parasitic Sucking Worms (Trematoda), and even the 
still more degraded Tape Worms, which, in consequence 
of their parasitic habit of life, have lost thelr intestinal: 
canal, aro all provided with these “ kidney canals" or primi- 
tive kidneys, Usually these canals in the Worms are called 
excretory organs, and in former times they used to be called 
water-vessels, Phylogenctically they must be regarded as 
highly-doveloped pouch-like skin-glands resembling the 
sweat-glands of Mammals, and, like these, developed from 
the skin-sensory layer. (Cf. Fig. 210, n, p. 19S, and Fig. 214, 
p- 202) . 
While in these lowest unsegmented Worms only a single 
pair of kidney ducts ix prosent, in tho higher segmented 
Worms these ducts exist in greater numbers. In Ringed 
Worms (Annelida), in which the body is composed of a 
great number of segments, or metamera, a pair of these 
primitive kidneys (hence known as segmental organs, or 
canals) exists in each separate segment. In this ease, also, 
the canals are very simple Lubes, which, on account of their 
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coiled or looped form, are called “coiled canal.” To the 
primary, external aperture in the outer skin, originally 
alone present, a secondary, internal aperture into the body- 
cavity (caloma) is now added. This opening is provided 
with vibratory cilia, and is thus enabled to absorb the 
secretional juices from the body-cavity and to discharge 
them from the body. Now in these Worms also the sexual 
ells, which develop in the simplest form upon the inner 
surface of the abdominal wall, pass, when mature, into the 
ecolom, are drawn into the internal, funnel-shaped ciliated 
openings of the kidney canals, and are carried out of the 
body with the uring. Thus the urine-forming “coiled 
canals,” or “ primitive kidneys,” serve, in the female Ringed 
Worns, as “oviducts," and, in the male, as “sperm-ducts." 

Tt would of course be most interesting to know the 
condition, on this point, of the Amphioxus, which, standing 
midway between Worms and Vertebrates, affords us 90 
much valuable information, Unfortunately this animal, 
for the present, affords no solution of this matter. At 
present we know nothing certainly as to the relation 
betveeen the urinary and the sexual organs of the Amphi- 
oxux Some zoologists assert that this animal has no 
kidneys; others regard the two long “side canals” as 
atrophied primitive kidney duets (Fig. 152,8, vol. i p.428) ; 
yet others consider certain glandular epidermis-swellings on 
the inner surface of tho gill-cavity to be rudimentary kidnoys, 
Moat probably, a groat reversion has affected tho original 
primitive kidney canals in the Amphioxus, amounting per- 
haps to their entire phylogenetic loss, 

Very interesting inferences may be drawn from the 
Vertebrates of the next stage—the Monorhins, or Cyelos- 
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toma, Although both orders of this elass—the Myxinoides 
as well as the Petromyzontes—possess developed, urine 
secreting kidneys, these organs do not in this case serve to 
carry away the sexual cells. These cells pass directly from 
the germ-glands into the ccelom, and are discharged through 
@ posterior aperture in the abdomen. The condition of the 
primitive kidneys in thesw is, however, very interesting, and 
(te A throws light on the complex kidney 

ra structure of the higher Vertebrates. 

In the first place, in the Myxi- 
noides (Belcllostome) we find a long 
tube, the primitive kidney duct 
(protureter, Fig. 317, a), on each 
re side, This opens internally into 
% the coelom through a ciliated furnel- 
shaped aperture (as in Ringed 

Worms) ; it opens externally through 

a an opening in the outer skin, A 
great number of small horizontal 

3 _ tubes (“segmental canals” or primi- 








Fra. 517.—A. Tortion of kidney of Bile 

a, primitive Kidney duct (pres 
t, segmental canals, of primitive 
urine canals (tuduls urinifers); 6, kidaey- 
K vesicles (capsule Melphigiana eB. Porte 
I, tion of the same, much enlarged + ¢, kidney 
( vouiclo, with tho glomerulus; 4, epyroashing 
/ artery ; 6 retreating artery. (After Sohenwer 
Maller.) 
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tive urine tubes) open on its inner side, Each of these 
terminates in a blind, vesicular capsule (6) enclosing » 
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Knot of blood-vessels (glomerulus, an arterial net, Fig. 
317,B,¢). Afferent arterial branches (vasa ajerentia) con- 
yey arterial blood into the coiled branches of the “glome- 
rulus” (d), and efferent arterial branches (esa aferentia) 
again carry it out of the glomorulus (e). 

In Primitive Fishes (Selachii) also there is a longitudi- 
nal series of segmental canals, which open outwardly in 
the primitive kidney ducts. The segmental canals (a pair 
in each metameron of the central part of the body) open, in 
this ease, froely into the body-eavity, through a ciliated 
funnel (as in Ringed Worms, or Annelids). A part of this 
organ forms a compact primitive kidney, while the rest is 
employed in the formation of tho sexual organs. 

The primitive kidney in the embryo of Man and in that 
of all other Skulled Animals (Craniote) is first formed in 
the same simple shape which persists throughout life in 
‘Mysxinoides, and partly in Selachii. We found this primi- 
five organ in the hurnan embryo at that early period just 
succeeding the separation in the skin-sonsory Inyer, of the 
medullary tube from the horn-plate, and the differentiation, 
in the skin-fibrous layer, of the notochord, the primitive 
vertebral plate, and tho skin-muscle plate. As the first 
rudiment of the primordial kidnoys, a long thin, throad-liko 
string of cells, which is soon hollowed out into a canal, 
appears in this case, on cach side, immediately below the 
horn-plate; this extends in a straight line from front to 
back, and is plainly seen in the cross section of the embryo 
(Fig. 318) in its original position in the space between the 
horn-plate (f), the primitive vertebre (wwe), and the skin 
muscle plate (Kpl). ‘The first origin of thia primitive 
kidnoy duct is still a matter of dispute, some ontogenists 
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referring it to the horn-plate, others to the primitive ver- 
tebral plate, and yet others to the skin-muscle plate. Pro- 
bably its earliest (phylogenetic) origin is to be found in the 
skin-sensory layer; but it very soon quits its superficial 
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Fic, $18—Transvereo seotion throngh tho embryo of a Chiek, on tho 
wecond day of incubation: h, horn-plate ; m, medullary tube; ung, pricuitive 
kidney duct; ch, notochonl; a, primitive vortebeal curd; Aly kine 
fibrons layer; df, intestinal-fibrous layer; mp, mesonteryyplato, or middie 
plato (point of attuchment of the two fibrous Inyars); ap, body-ewrity 
(coloma)) a0, primitive aorta; od, intestinal-glandolae bayer. (After 
Kolliker.) 
position, passes inward, between the primitive vertebral 
plates and the side plates, and finally lies upon the inner 
surface of the body-eavity. (Cf Figs. 66-60, 1yvol.i. p. 277) 
98, p.319; also Plate IV. Figs, 3-6, %.) While 
the primitive kidney duct is thus making its way inwand, 
on its inner and under side appear a large numbor of small 
horizontal tubes (Fig. 519, a), exactly corresponding to the 
segmental canals of the Myxinoides (Fig. $17, )). Like the 
lutter, these are, probably, originally protuberances of the 
primitive kidney ducts (Fig. 316, ). At the blind, inner 
end of each of the primitive urinary tubes an arterial 
glomerolus is formed, which grows into this blind end 
from within, forming a “vascular coil.” The glomerulus 
to a certain extent expands the bladder-like blind end 
of the small urinary tubes, As the primitive urinary tubes, 
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which are, at first, very short, grow longer and broader, 
each of the two primitive kidneys assumes the form of a 
semi-pinnate leaf (Fig. 320). The urinary tubes () repre- 


Sed 





Fig. 819,—Rndimentary primitive kidney of embryonic Dogs ‘The pow 
terior portion of the body of tho embryo is soon from the ventral sido, 
covered by tho intestinal nyer of the yolk-ec, which hax boon torn away, 
nd thrown back iu frout in unter to show the primitive kidnoy ducts with 
the primitive Kidney tabos (a): >, pritaitive vortebre  ¢ doreal medalla; 
d, passage into the polvio intestinal cavity, (After Bixchoff.) 

WG. 320.—Primitive kidnoy of a human ombryo: u, tho urinestubes of 
the primitive kidooy; w, Wolffian duct; w', upper end of the latter (Mor 
gagni’s hydatid) ; m, Mallorinn dact; m', uppor end of the latter (Fallopian 
hydatid) ; y, hermmphrodite gland. (After Kobolt.) 








sent the tissue and the primitive kidney duct (w) the 
mid-rib. On the inner margin of the primitive kidney the 
radiment of the hermaphrodite sexual gland already 





4to ‘THE EVOLUTION OF MAN. 


appears as a body of considerable size. The posterior end 
of the primitive kidney duct opens into the lower extremity 
of the last section of the rectum, #o that this organ beeumes 
a cloaca, But this opening of the primitive Ikidney duet 
into the intestinal canal must be regarded, phylogenetically, 
asa scoondary condition. Originally, as is indicated clearly 

in the Cyclostoma, they issued through the: mice 
minal skin, quite independently of the intestinal 
proving their early phylogenetic origin from ‘on bo 
as outer ekin glands, 

While in the Myxinoidos the primitive : 
mancntly retain this simple form, as they do is 
Primitive Fishes (Selachii), in all other Craniota ime 
only temporally in the embryo, as the ontogenetic 
duction of the primordial phylogenetic condition. Ti thee 
Skulled Animals the primitive kidney, by vigorous growth: 
increases in length, and by the increase in number and de 
coiling of the urinary tubes, very soon assumes the foe a 
a lange compact gland, of oblong, oval, or spindle-slapel 
form, which extends longitudinally through the gresiae 
part of the body-eavity (cxloma) of the embryo Giga. 
124m, vol. i, p. 370). In this case, itlics near the middle 
directly under the primitive vertebral column, and extent 
from the region of the heart to the clones, ‘The sight asl 
left primitive kidneys lie parallel and close together, being 
separated only by the mesentery, that narrow, thin 
which connects the central intestine with the lower ancien 
of tho primitive vertebral column. The exeretory duct a 
each primitive kidney, the protureter, traverses the 
and outer side of the gland in a posterior direction, 
opens into the clonea, close to the root of the allantois; a 
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a later period, it opens into the allantois itself (Fig. 136, o, 
vol. i. p 381), 

‘The primitive kidney (primordial kidney) in the embryo 
of Amniolta was formerly called the “Wolffian body,” ulso 
the “Okenian body.” In all cases it acts for # time as a 
true kidney, draining and seereting the useless fluids of the 
embryonic body, and discharging them into the cloaca and 
then into the allantois. The “primitive urine” collects in 
the latter organ, and hence the allantois in the embryo of 
man and of the other Amniota acts as areal urinary bladder, 
or “primitive urinary sac;” yot it is in no way geneti- 
cally connected with the primitive kidneys, but is rather, 
as we have already scen,a pouch-like protuberance of the an- 
terior wall of the terminal intestine (Fig. 135, u, vol. ip. 880), 
‘The allantois is, therefore, a product of the intestinal layer, 
while the primitive kidneys are a product of the skin- 
layer. Phylogenetically we must conceive that the allan- 
tois originated as a pouch-shaped protuberance of the 
cloacal wall resulting from the distension caused by the 
eolleetion in the cloaca of the primitive urine secreted 
by the primordial kidneys, It is, originally, a blind sac 
belonging to the rectum (Plate V, Fig. 15, hb). The true 
urinary bladder of Vertebrates, evidently, first appeared in 
Dipnensta (in the Lepidosiren), and was thence transmitted, 
first to the Amphibia, and then to the Amniota, Tn the 
embryo of the latter it protrudes far out of the yet unclosed 
abdominal wall. Many Fishes, indeod, also possess a so~ 
called urinary bladder. But this i merely a Jocal disten- 
sion in tho lower section of the primitive kidney ducta 
and hence, both in origin and in constitution, is essentially 
distinct from the true urinary bladder, The two structures 
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are only physiologically comparable; they are, 


analogous, as having the same function; morphologically, | 
however, they are not to be compared, or are 
logous." The false urinary bladder in Fishes js ~~ 
duct of the primitive kidney duct, therefore of the skin 
layer; the true urinary bladder in Di Ampts- 
bia, and Amniota is, on the contrary, a blind-aae of the | 
terminal intestine, and hence a product of the inteatin | 
layor, — 
In all low Skulled Animals (Craniota), without amaue 
{in Cyclostoma, Fishes, Dipneusta, and Amphibia), the 
urinary organs remain in an inferior stage of oy bee 
in so far as the primitive kidneys (profonephera), 
much modified, here act permanently as uri 
glands. Tn the three higher vertebrate dua 
the term Amnion Animals, on the contrary, this ds the aa 
only for a short period during early embryonic life, 
permanent, or secondary kidneys (renes, or 
which are peculiar to these three classes, are very es 
doveloped. ‘Those originate, not (as was long beliewahs 
the authority of Remak) as entirely new, independat 
glands of the intestinal tube, but from the posterior 
of the primitive kidney duct (protureter). From the Tate 
near where it opens into the cloaca, a simple ponch—te 
secondary kidney duct—grows out, and this inereases 
siderably in length forwards; from the blind, uppen © 
anterior portion of this the permanent kidney I 
precisely ns the primitive kidney originates from #he 
mitive kidney duct. The secondary kidney duet gives 
to a number of small blind tubes—tho 
tubos—and the blind capsule-shaped ends of 




















‘THE SECONDARY KIDNEYS, arg 


are occupied by vascular coils (glomeruli). The further 
growth of these tubes results in the compact secondary 
kidney, which, in Man and most higher Mammals, acquires 
the well-known bean-like form; in the lower Mammalia, 
in Birds and in Reptiles, on the other hand, it is separated 
into several lobes ‘The lower, or posterior part of the 
permanent kidney duet retains the form*of a simple canal, 
widens, and thus forms the permanent urine duct (wreter), 
At first this canal, yet united with the last section of the 
primitive kidney duct, discharges into the cloaca; at a 
later period, it separates from the primitive kidney duet, 
and yct later from the rectum, and thon it discharges into 
the permanent urinary bladder (vevica wrinaria). The 
latter originates from the posterior, or lower part of the 
stalle of the allantois (urachus), which widens and becomes 
spindle-shaped before opening into the cloaca, ‘Theanterior, 
or upper part of the allantois-stalk, which passos in the 
abdominal wall of the embryo to the navel, afterwards 
disappears, a useless cord-shaped remnant alone remaining 
as @ rudimentary organ: this is the singlo urinary-bladder 
navel-cord (ligamentum vesico-umbilicale medium). On 
the right and left of this, in the adult Man, there are two 
other rudimentary organs: the lateral urinary-bladder navel- 
cords Qigamenta. verico-umbilicalia lateralia). ‘Theso are 
the obsolete cord-like remmant of the former navel-arteries 
(arteriee umbilicales, vol, i. p. 400; Fig. 826, a). 

Although in Man, as in ull other Amnion Animals, the 
primitive kidneys are thus very early displaced by the 
secondary kidneys, and although the latter alone afterwards 
act as urinary organs, the former are not, however, alto- 
gether discarded, Indeed, the primitive kidney ducts acquire 
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a high physiological significance, as they 
cretory ducts of the sexual glanda Tn all) 
Gnathostomi—therefore in all Vertebrates from 
to Man—at a very carly period, a second simila: 
appears in the embryo at the side of each primitive) 
duet. This canal is commonly called, after ite disg 
Johannes Miller, “ Muller's duct" (ductus Millers) 
the earlier, primitive kidney duct is distinguished 
“Wolffian duct" (ductus Wolffti), The actual on 
Miiller's duct is still undetermined; Comparative Ay 
and Ontogeny seem, however, to indicate that it py 
by differentiation from the Wolffian duck Tt is, pm 
inost correct to say, that the original (primary) pe} 
kidney duct breaks. up by differentiation (or flesiol 
two secondary, similar ducts; these are the Wolfii 














Wr0, 221 —Primitivo kidneys and rudiments of the sexnal 
B, of Amphibia (Prog larrs) ; A, enrlior, B, Inter condition. 
mal (embryo of Oz): u, primitive kidneys; i, sexual 
testes and ovaries). ‘The primary primitive kiduoy duct (yy fa 
soparates (in B and C) into the two secondary primitive jpéllmey di 
Mallotion dot (wm) and tho Wolffian dact (vy"}, which Site tetia 
genital cord (9); % grvin-cord of the primitive Eidseya (After Gey 








DEVELOPMENT OF THE WOLFFIAN DUCTS. ars 


the Miillerian ducts The latter (Fig. 320, w) lies imme- 
diately inside the former (Fig. 320 m), Both open pos- 
teriorly into the cloaca. 
Obscure and uncertain as 
is tho origin of the Mullerian 
and Wolffian ducts, their later 
history is clear and definite, 
In all Double-nostrilled (Am-~- 
phivkina) and Jaw-mouthed 
(Gnathostoms) animals, from 
Primitive Fishes up to Man, 
the Wolffian duet becomes the 
seod-duct, and the Millerian 
duet, the oviduct. In each 
sex only one of these is per- 
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Pros. 922, 993.—Urinary and sexual 
organs of an Amphibian (Waters Nowt, 
or Tviton). Fig. 822 (A), fomalo; 
Fig. 323 (M), males ¢, primitive kid. 
noys ov, ovary) od, ogy-duct and 
Ratbke's duct, both formed from the 
‘Mallorian dact\ ¥, primitive wrioary 
duct—neting, fn tan, also as seod- 
uct (e)—opening below into Wolff's 
uot (w')} me, ovary-mesentary (mer 
evarivm). (After Gegonbanr.) 


Se 





sistent; the other entirely disappears, or leaves only a 

remnant as a rudimentary organ. In tho male sex, in 

which the two Wolflian ducts become sporm-ducta, certain 

rudiments of the Miillerian duct are often found, which 

wo will call “ Rathke’s canals” (Fig. $23, 0). In the fomale 

sox, where, on tho contrary, the two Miillerian ducts 
4 
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become oviduets, traces of the Wolffian ducts remai| 
are known os “Gartner's canals” 








Fior, 824-326,—Urinary and sexual organa of on ombeyonig © 
424, of female embcyo of 1} inch in length) Pig, 925, of sae 
of 24 Inches in Tength; Fig. 326, of female embryo of 2h Inchex in| 
1, primitivn kin Wolth dnot; m, Maller's duct; a’, 
ho latter (oponed at 1); é, lower thickened end of The maine (ey 
of uterus); g) genital cord ; by testes (A', lower, kh", apper tenth 
© ovary) o', lower ovary-cord; 4 groimconl of the primitive | 
, dinpliagm.cord of the primitive kidney; % permanent. Kideu 
thoes tho Ssbapod urino<dnet ; betwoon the two the rectuen) , — 
bladder; a, navelartery. (After Kolliker.) 

















The most interesting facts in reference to this ne 
able development of the primitive kidney ducts and 
union with the sexual glands are exhibited in Amy 
(Figs. 321-323), The first rudiment of the primitive & 
ducts and their differentiation into the Milllerian 
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Wolffian ducts is identical in both sexes, as is the case in 
the embryos of Mammals (Fig. 321, C, Fig. 324). In the 
female Amphibia the Mullerian duct on cach side develops 
into a large ovary (Fig. 922, od), while the Wolffian duct acts 
permanently as a urinary duct (u). In the male, on the 
contrary, the Millerian duct. persists only as a rudimentary 
organ, without functional significance, as Rathke's canal 
(Fig. 323, c) ; the Wolffian duct serves, in this case also, as a 
urinary duct, but also as a sperm or seed duct, the seminal 
tubes (ve) from the testes (¢) entering the upper part of the 
primitive kidnoys, and there uniting with the urinary canals, 
Tn Mammals these conditions, persistent in Amphibia, are 
rapidly traversed by the embryo in an carly period of ite 
development (Fig. 321, €). The primitive kidneys, which 
in non-amnionate Vertebrates persist throughout life ax the 
urine-teerotory organ, are superseded by the sscondary 
‘The actual primitive kidnoys disappear almost 

entirely in the embryo at an early period, leaving but small 
traces, In the male Mammal the supplomentary testia 
(epididymis) develops trom the upper part of the primitive 
Kidney ; in the female the same part gives rise to a useless 
rudimentary organ, the supplementary ovary (parovariwm), 
In the female Mammal the Mullerian ducts undergo very 
considerable changes. ‘The actual ovaries develop only from 
ita upper part; the lower part widens out into a spindle- 
shaped pouch, with a thick, fleshy wall, within which the 
fortilizod egg develops into the embryo. This pouch is tha 
womb (uterus). At first the two uteri are perfectly 
separate, and open on each side of the urine-bladder (vu) 
into the cloaca, as is yet permanently the case in tho 
lowest living Mammals, the Beaked Animals (Ornithostoma); 
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‘but oven in Pouched Animals (Maveupialia) a connections | 
forma between the two Millerian duets, and in Placental 
Animals they olen below with the rudimentary Wolfliae | 
« ducts, forming with them a single 
“sexual cond" (fumioules genie 
talis). But the original indepen 
dence of the two parts of the 
uterus, and of the two vagiee 
canals which proceed out of the 
lower extremities, persists in many 
lower Placental Animals, while i 
the higher members of the sme 
group, thee organs gradually 
coalesce to form one single orga 
Fro, $27,—Femalo vexnsl Tho process of coalescence ai 
organs of a Deskod Animal yaneas steadily from below (i 
Otel tovitast, from behind) upwards (or ie 
4 uterun; sug, urinary sexual wards) While in many : 
fro ene ta won oem Animals (Rodent TAS 
into thie ot w’: ef, lara, Squirrels) two separate uteri 
tAtter Gogenbenr-} into the vagina canal 
already bocome simple, in other Gnawing Animals, aa ale 
in Beasts of Prey, Whales, and Hoofed Animals (Cnagulatal, 
the lower halves of the two uteri are already 
their upper halves (the so-called horns, “eotnwa”) ; 
distinet (“twerus bicornis”). In Bats and Semi-apes thee 
upper horns are very short, while the unified lower | 
bocomes longer. Finally, in Apes, as in Man, the eoheson 
of the two parts is complete, one simple pear-shaped 
pouch alone remaining, ond into this the oviduets opon a 
each side, 
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In the male Mammal also, a similar coalescence of the 
Jower portion of the Millerian and Wolffian duets takes 
In this case also, these docts form a single “sexual 
cord” (Fig. 325, @), which likewise opens into the original 
urinary sexual cavity (sinus urogenitalis), which develops 
from tho lower part of the urinary bladder (v). While, 
however, in the male Mammal the Wolftian ducts develop 
into the permancnt sperm-ducts, only very slight traces of 
the Miillerian ducts remain as rudimentary organa The 
most remarkable of these is the “male uterus” (uterus 
mascutinus), which originates from the lowest, coalescent 
portion of the Milllerian ducts, and which is homologous 
with the female uterus, It forms a small flask-shaped 
vesicle, entirely without physiological signifieance, which 
opens into the urinary tubes between the two sperm-ducts 
and tho prostati¢ lobos (esieula prostation), 

‘The internal aexual organs in Mammals undergo very 
peculiar modifications in point of position, At first the 
germeglands, in both sexes, lie deep down in the ventral 
vayity, on the inner side of the primitive kidneys (Pigs 
320, g, $21, k), attached to the vertebral coluian by a short 
mesentery (in the male, the mesorchium; in the female, 
mesovarium). It is only, however, in Monotremes that this 
‘original position of the germ-glands is (as in lower Verte- 
tebrates) permanent. In all other Mammals (Marsupials aa 
well as Placentals) these glands quit their place of origin 
and make their way more or less downward (or towards the 
posterior extremity), following the course of a cord which 
extends from the primitive kidney to the groin region of 
the abdominal wall. This is the groin-cord of the primitive 
kidney; in the male, the "Hunterian guiding-cord” (guber- 
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naoulumn testis) (Fig. $28, M, gh); in the fornalo, the round 


uterus-cord (Fig. 328, F,r). In the latter the ovarie: 
migrate more or less in the direction of the arma] pelvis, ar 





et an 
‘ 
oh. 
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“a 
Fro. 28, M. Pio. 928, F. 


Fi, 328.—Original position of tho sexual glands in the whdowieaad erty 
of the haman embryo (of three months), Fig, $28, M, make (estore mae | 
A, testis; gh, tho conducting-cord of the testis; wy, seed-dlucts By sariaane 
bladder; wh, lower bollow vein (veua coma); mn, supplementary Kidnap: 
m, kidneys. Pig 428 ¥, female (somowhat enlarged): ¥, Tomnd aterumend 
(dolow thin tho urine-bindder, aboro it the ovary); r’, Kidneys i imp 
plomentary kidney; ¢ blind-intostine (coewm); % emall mek; avy dare 
net (between the two is the stoma piecn, (After Kolliker.) 








even enter thia In the male the testis quits the abdominil 
cavity altogether, passing through the grom-canal, apt 
entors a sac-shaped, distended fold of the external skin 
The coalescence of the right and left folk 
ual folds") gives rise to the testiseme (sorotion), The 
various Mammals exhibit the various stages of this mige: | 
tion. In the Elephant and in Whales the testes descent | 
very little, and lie below the kidneys, In many Gnewine 
Animals (Rodentia) and Beasts of Prey (Carnaria) they 
enter the groin-canal. In most higher Mammals 

down through this into the testis-sac; usually the walls el 
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the groin-cannl coalesce. When, however, this remains 
open, the testes are able to descend periodically (in the rutting 
seazon) into the testis-sac, returning again into the abdo- 
minal cavity (eg, in Pouched Animals or Marsupialia, 
Gnawing Animals, Bats, ete.). 

Another peculiarity of Mammals is the formation of the 
external soxual organs which, as copulative organs, serve 
to carry the fertilizing sperm from the male into the 
female organism in the act of copulation, Organs of this 
sort are altogether wanting in most lower Vertebrates. In 
those which are aquatic (eg,, Acrania, Cyclostoma, and most 
Fishes) the eggs and sperm are simply discharged into the 
water, and their coming together is the result of some lucky 
accident which in this way brings about impregnation, On 
the other hand, in many Fishes and Amphibia which bring 
forth their young alive, there is a direct transfer of the 
sperm from the male to the female organism; and this is 
the case in all Amniota (Reptiles, Birds, and Mammals), In 
these animals the urinary and genital organs always open 
originally into the lower part of the rectum, which thus 
forms a “cloaca” (p. $45); but among Mammals the cloaea 
is permanent only in the Beaked Animals (Ornithostema), 
which havo, on this account, been called Cloacal Animals 
(Afonotrema, Fig. 327, cl). In all other Mammals a lateral 
partition wall develops in the eloaca (in the human embryo 
about the middle of the third month), by which the latter 
is separated into two cavitics, The urinary sexual canal 
passes into the anterior cavity (sinus wrogenitalis), and it 
is through this cavity alone that the urinary and sexual 
products are dischanged, while the “anal cavity," which lies 
Dehind it, serves merely to eject the exerement through the 
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anus, Even before the appearance of this partition, in the 
Pouched Animals (Marsupéalia) and Placental Animals, « 
conical papilla—the sexual protuberance (phallus, Fig, 829, 
A, ¢, B,e)—rises on the anterior part of the circumference of 





Fre, 329.—External eoxval organs of the kuman embryo: A, mented 
orm {in the cighth woeks twice the natural sie; with élomen) y —— 
ierm (in the ointh week; twice the natural sizoy anus from the 
urogenital opening); €, female gorm in the oloventh week ; 1), sake gem 
fn the fourteenth week; ¢, eexunl protuberance (phollel); f, sexanl furry 
Al, sexual folds; ¢, Ropbo (point of anion of tho pais and seretaaly 
@, anus; wy, ariuary sexual opening; n, nevelcoed; #, tol. (After Kekerd 
Cf, Tablo XLIV., p. £31. 






the cloaca-opening. The apex of this is swollen into a knal 
(the “acorn,” glens). On the under side appears a furrow 
(sulous genitalia, f), and on each side of the latter « skit 
fold, or sexual fold (2). The phallus is especially the organ 
of the “sexual sense,” and over it aro distributed the sexnal 
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nerves (nerei pudendi) whieh are especially concerned in 
producing the sexual eeneations (p, 238). In the malo the 
phallus develops into the masculine "penis" (Fig. 329, D, ¢); 
in the female it becomes the much smaller “clitorixn” (Fig. 
829, ©, e); only in same Apes (Adeles) does this become un- 
usually large. Tho “fore-skin" (pronputiwm), in both 
sexes, also develops as a skin-fold from the anterior part of 
the circumference of the phallus, In the male sexual farrow 
the lower side of the phallus receives the urogenital 
canal, and, as a continuation of the latter, modifies, by the 
coalescence of ita two parallel edges, into a closed canal— 
the male urinary tube (wretMra), In the female this occurs 
only in a few instances (in some Semi-apes, Gnawing Animals 
or Rodentia, and Moles); as a rule the sexual furrow remains 
open and its edges are developed into the labia minora. 
The labia majora of the female develops from the two 
parallel skin-folds which appear on cach side of the sexual 
furrow. In the male these last folds coalesce, forming a 
closed sac, the teatis-enc (scrotum). Occasionally this 
coalescence does not take place, and the sexual furrow also 
sometimes remains open (/ypospadia). In these cases tho 
external male genitalia resemble the female, and this phe~ 
nomenon has often been mistaken for hermaphroditism 
(pseudo-hermaphroditism).” 

From this and other cases of false “hermaphroditism,” 
the much less frequent cases of “true hermaphroditism” are 
very distinct, This exists only when the essential organs of 
reproduction, both kinds of germ-glands, are united in one 
individual. Either an ovary is then developed on the right, 
and a testis on the left (or vice versa) ; or testes and ovaries 
are developed on both sides, one more, the other less 


ane 
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perfectly, As wo have already seen that the original 
rudiment of the sexual organs is really hermaphroditic in 
all Vertebrates, and that the separation of the sexes is only 
due to a one-sided development of this 
rudiment, these remarkable cases offer no theoretic diff} 
cultiea. They very seldom, however, ocour in Man and the 
higher Vertebrates. On the other hand, we find original 
hormaphroditism constant in some lower Vertebrates, as is 
some Fishes of tho Perch kind (Serranus), and in pam | 
Amphibia (Bombinator and in Toads) In these enses, the | 
malo has usually 9 rudimentary ovary at the upper @- 
tromity of the testis; on the other hand, the fernale be | 
sometimes a rudimentary testis, without function, ‘Tha 
also occurs occasionally in Carp and some other Fisker 
Wa have already seen how the original Ih 
is maintained in the excretory ducts, in Amphibia, 
In tho germ-history of the human urinary and 
organs, the outlines of the history of human descent tae 
been faithfully maintained up to the present time. Wh 
traco their development in the human ombryo 
in the same gradations as are exhibited, one after ane 
in the comparison of the urogenitals in Acran ; 
Fishes, pation and then furthes, ix 



















‘Animals (Mareus 
(Cf Table XLILL) h 
urogonitals, distinguishing 4 
brates, are also present I 
teristics the latter 
Anthropoid Apes, As evidlg 
of Marinals have been 
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briefly notice the similar manner in which the eggs are 
formed in tho ovary. In all Mammals, the mature eggs are 
contained in peculiar vesicles, which, after their discoverer, 
Regner De Graaf (1677), are called the Graafian follicles, 
These were formerly regarded as the netual eggs, which 
were, however, discovered by Baer within the Graafian 
follicles (vol. i. p. 55). Each follicle (Fig. $30, @) consists of a 
round, fibrous capsule, which contains fluid and is coated by 
several layers of cells, At one point this cellular layer has 
‘a knob-like enlargement (C, b), and, there, surrounds the 
real egg (O,a). The mammalian ovary is, originally, a very 
simple oblong little body (Fig. 320, g), formed only of 
connective tissue and blood-vessels, and surrounded by a 
celltayer (the epithelium of the ovary, or the female germ- 
epithelium), From this epithelium, cords of cells grow 
inward, into the connective tissue or “stroma” of the 
ovary (Pig. 830, 4, b), Single cells of these cords increase 
in size and become egg-cells (primitive eggs, A, c); but the 
greater number of the cells remain small and form an 
enveloping and nutritive cellular Iayer (the follicle-opi- 
thelium) round each egg. 

In Mammals the follicle-epithelium is at first one~ 
layered (Fig. 930, B, 1), afterwards many-layered (B, 2). In 
all other Vertebrates, the egg-cell is, indeed, enclosed in a 
permanent covering of small cells, an egg-follicle; but only 
in Mammals does fluid accumulate between the growing 
follicle-cells, and thus extends the follicle into a round 
bladder of considerable size, on the inner wall of which 
the egg lies excentrically. In this point, as in his whole 
Morphology, Man unmistakably indicates his descent from 
Mammals 
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Fic, $40. Development of human ovules within the female ovary.—A. 
Vertical seotion through the oracy of a new-born female: 2, epitholiam of 
tho orary; ¥ rudiment of an czx-conl ; 6 young euga in the epithelium ; 
d, longer ogg-cord with the follicles; ¢ group of young follicles: f, singlo 
young follicle; g, blocd-vosels in the connoctiva tissue (stroma) of the 
orary. In tho conle the young primitive oggs can be distinguishod from 
the surrounding oclls of tho folliclo by their relatively large wag. (Aftor 
Waldeyer)—800, B. ‘Two young follicles isolated ; in J, tho colle of tho 
follicle form but a single layer arcund the young primitive egy; in 2, they 
form» donblo layer, in $ they begin to form th primary chorion (a), or 
the sona pelluetda (Vol. p. 135).—840, C. A matare human Graafian follicle : 
#, the mature ogy; 4, the surrounding folliele-cells ; ¢, the epithelial cells of 
the follicte; d, the fibrous mombrane of the fulliclo ; ¢ its outer surface. 


‘The entire natural history of the human sexual organs 
is one of the branches of Anthropology which affords the 
strongest proofs of the origin of the human race from the 
animal kingdom. Each ian, on knowing the pertinent 
facts, and without prejudice, judging these comparatively, 
can but be convineed that he is descended from lower 
Vertebrates, The general, and the more minute structure, 
the activity and the individual evolution of the sexual 
organs, is exactly the same in Manas in Apes. This is as 
true of the male as of the female, of the internal as of the 
external genitalia. The differences in this matter between 
Man and the most man-like Apes are far less than the 
differences between the various forms of Apos, As, how- 
ever, all Apes are undoubtedly from a common origin, this 
fact alone proves, with absolute certainty, the descont of 
‘Man from Apes. 
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TABLE XLIit, 


Srermuanto Svaver or rue wosr Leronrant Pewions o¥ rae Pariousnt 
or tie Usinany anv Stavat Oxoaxs or May. 


XLIM. 4. First main divisions the nexaul organs (G) and the urinary 
organs (U) are distinct. (The sexual or genital system (G) and tho 
oxcretory or urinary system act indopendently of each other.) 


I. Birst Period: Genitals and Kidneys of Gastrwails, 

G. Single, seattored colle of the entedorm change into exg-cetla; single, 
scattorod cells of tho exoderm into apormscolln, 

U. Special urinacy organs are as yet wholly wanting. Secretion to 
performed by the oclls of the exodorm. 


IL. Sccond Period + Genitals and Kidneys of Primitive Wores. 


G. The egg.colls of the entoderm gather into groups (ovary-pilates) ; am 
do tho xportn.colls of tho oxoderm (toatis.plates). 

U. A pair of simple poc-like ekin.glande (products of the skin-senscey 
layer) develop into oxtromcly simplo kidney-canals (cxoretory organs of the 
Flat-worms, Platelminthes). 


IIL, Third Period) Genitals and Kidneys of Scolecida. 


G. After the difforentiation of thd four secondary germ-layers is oom- 
plots, the ogg-cclls pass from tho slinsonsory layer into the skin-fbrowm 
layer the sperm-cells also pass from tho intostinal-glandular layer into the 
inteetinal-flbrous layer. 

U. After the formation of the ceslom is completed, the blind inner enxle 
of tho two kidnoy-cunnls (or primitive kidney ducts") open into the bedy= 
‘cavity (ealoma). 


IV. Fourth Period; Genitals and Kidneys ef Chordonia. 


G. Tho groups of ogg-colla (ovarial plates) and the groups of sperm-cells 
{toster-plates) meot at tho Loundary between tho endoceslar (the visveral 
intestinal-fibrous layer of the colom-epithelium) and the excoular (the 
pariotal rkin.frons layor of tho cailomopitholiam), 40 a4 ta form the 
hermaphrodite ginnda, 

U. Tho primitive kidney duets differentiate into am excretory and @ 
glandular part. 








V. Fifth Period » Genitals and Kidneys of Acrania. 

G, Tho xoxox become distinct. In tho female, only tho orwry ta de- 
velopod ; in the malo, only the textos. 

VU, The primitive kidney ducts remain simple (otsophied in Avspiioana) 
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‘VI. Sixth Period » Genitals and Kidueys of Cyetostoma, 
G. Tho sexunl glands (namerous in Acranéa) coalesce into w palr. 
U, Tho primitive kidney duotx annd ont latoral branchos which aequiro 
vascular coila (glomeruli) (tho semi-pinnute primitive kidnoys of Buello. 
stoma). 


XLIFL. B. Second main division: the genital organs (G) and the urinary 
orguns (U) become united. (The sexunl system and the urinary systom 
‘ary united in tho “urogenital syxtom.") 

VIL Seventh Period: Urogonitals of Primitive Fishes (Seluchii). 

‘The primary primitivo kidney duct differentiates on each sido, forming 
tyro secondary cnnnls; ths Wolffian duct, which dovelops into the sced-duct, 
and the Mallerinn duet, which develops into the oviduct. Both genital 
ducts originally open bohind tho anus (Proselachi 

VUL, Bight Period : Urogenitats of Dipnewxta, 

A cloaca is formed by the univa of the urogenital opening aud the cavity 
of the anne Tho single urinary Uladder grows out from the anteriar wall of 
‘the rectum (Lepidosiren). 

IX, Ninth Period : Vrogenitals of Amphibia. 

Prom tho uppermost part of tho primitive kidney which is in procoss of 
atcophy, proceeds, in the male sex, the supplementary testis; In the female 
sex, tho supplementary ovary. ‘The Wolffian duct yet wots, in both woos, aa 
a urinary canal, and, in the male, also na the saod.duct. ‘Tho Millorian 
duet sots in the femais sox ax oviduct; in the male it is m rudimentary 
congan (Iathio's dust), 

X. Tenth Foriod : Uroyenituls of Protannia, 

‘The atrophied primitive kidney is replaced by the permanent snoondary 
Kidlney na the urinary organ, Tho urinary bladder grows out from tho 
ventral orifio of the embryo and forms the allantois, rom tho anterior 
‘wall of (he cloaca grows the eoxnal protuberance (phativs), which, in tho 
malo, develops to the penis, in the femmle, to the clivorin. 

XL. Eleventh Period 1 Urogenitale of Monotromets 


‘The lowor end of tho oriduet onlargos on each aldo to a muscular 
ulerua 





XUN Twelfth Period + Trogenitats of Maraupiatia. 


‘Tho cloaca fs wepamtod by a partition {ntoan anterior urogonital opening: 
‘apertura urogenitalis) and & posterior anal oponing (anus), From tho 
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lower part of the ntcrus the yuginn.canat possox out on each side. The 
ovaries and teston begin to move downward from thair place of formation. 


XITL Thirteenth Period + Urogenitate of Semi-opes. 





‘The lower parte of the Millerian and the Wolffian ducts ccalesce into 
‘© voxus} cord, ‘Tho coalesconcs of tho two uteri at the lower part gives 
riso to tho uterus bicornix, A part of tho allantois becomes the placenta. 


XIV. Fourteenth Periat : Urozenitale of Apes. 


‘Tho two utori coalesce throughout their entire length, forming a single 
pear-shaped aterus, us in Man. 
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TABLE XLIVv. 


‘ipptematic Surrey of the Homologies of the Sexual Organs in the two Sexes 


XLLV. A. Homotocins oy rae Exrarvar Sexvar Onoss 


‘of Mammals, 
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CHAPTER XXVL 


RESULTS OF ANTHROPOGENY. 


Review of the Germ-history na given —Tts Explanation by the Fundamental 
Law of Hiogony—Ite Canal Malation to the History of the Tribe 
Radimoatary Organs of Man.—Dysteleology, or tha Docteine of Pur- 
porelossness.—Tnheritances from Apes.—Mon’s Place In the Natural 
System of the Animal Kingiom,—Blan asa Vertebrate and a Mamimal, 
—Special Tribal Relation of Mon and Apos—Evidenons regarding the 
Apo Question.—Tho Catarhina and the Pintyrhinn.—The Divise Ongix 
of Mun,—Adam nnd Evo—Histery of the Evolation of the Sliud.— 
Tmportant Mental Differencos withia © Binglo Claws of Animale —The 
Mammalia Mind and the Inacot Mind—Mind in the Aut avi in the 
Scale-louse (Coceus) —Mind in Man and in Ape,—The Organ of Mental 
Activity: the Central Nervous Systom.—Tho Ontogeny and Wy 
logony of tho Mind,—Tho Monistic and Duslistio ‘Theories ef the 
Mind.—Herodity of the Mind.—Bearing of the Fundamental Law of 
Biogeny on Psychology. —Inflnence of Anthrupogeny on the Victory of 
the Monietic Philosophy and the Defeat of the Dualietio-Natare and 
Spirit. Natural Seienco and Spiritual Science—Conoeption of the 
World reformed by Anthropogeny, 


























“Tho Theory of Descent ix a yonoral inductive nw which resuilie sith 
absolute necessity from the comparative synthesis of all the phenomens of 
organic natore, and expeoialls from the threofold parallel of phylagensl 
ontogenetic, and systematic evolution, ‘Tho doctrine that man has de 
veloped fruca lower Vertebrates, and iminediately from genaine Apor, is 
fo specin! deductive conclasion, which results with absolute necessity from 

Ageneral inductive law of the Theory of Descent. ‘This view of ‘mani 
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phce in ontues? cannot, wo boliero, bo milo too preminoat. Tf tho Theory 
‘of Descent is correct a# a whole, thon tho theory that man has developed 
feom lowor Vertebrates is simply an unavoidable deductive conctuslon from 
that genom inductive aw, Hence, all facther dlecoveries which may in 
futare enrich our knowledge of tho phylotic developmont of man, can only 
‘to confiemntive of epeoial pointe of that dodnction, which resta on the 
broadest inductive basis." —Generelle Morphologie (1866), 


As we have now traversed the wonderful territory of 
the history of human development, and learned its most 
important parts, it seoms appropriate that, at the close of 
our travels, we should look back on the road behind us, 
and, on the other hand, glance forward along the further 
path of knowledge into which our road will lead in future. 
We started from the simplest facts of the history of man's 
individual development; ontogenetic facts which can, at 
any moment, be shown and established by microscopic or 
anatomic research, The first and most important of these 
ontogenetic facts ix, that every man, like every other 
animal, is at the commencement of his individual existence, 
a simple cell, This egg-eell exhibits precisely the same 
structure and mode of origin as that of any other Mammal. 
From this cell proceeds, by repeated division, a many-celled 
body, the mulberry-germ (morula); this changes into a 
cup-germ (gastrula), and this, again, into an intestinal 
germ-vesicle (yastrocystis), The two distinct cell-strata 
which compose its wall are the two primary germ- 
layers ; the skin-layer (eoderma) and the intestinal layer 
(entoderma). This double-layered germ-form is the onto- 
genetic reproduction of that extremely important phylo- 
genetic parent-form of all Intestinal Animals, to which we 
have given the name Gastrva, 

As the human germ, like that of other Intestinal Animals, 
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passes through this gastrula-form, we are enabled to trace 
its phylogenetic origin back to the Gastrea. By tracing the 
germ-history of the two-layered germ still farther, we foand 
that, by fission, four secondary layers are produced from 
the two original germ-layers. These have exactly the same 
constitution and genetic significance in Man as in all other 
Vertebrates, From the skin-sensory Inyer dovelops the 
outer skin (epidermis) and the central nervous system, and, 
probably, the kidney system. ‘Tho skin-fibrous layer forma 
the leather-skin (coriwm) and the organs of motion (the 
skeleton and muacle systems). From the intestinal-fibrous 
layer originates the vascular system and the fleshy wall of 
the intestine. The intestinal-glandular layer, finally, forms 
only the epitheliam, or the inner cellular layer of the 
intestinal-mucous membrane and of the intestinal glands 
The manner in which these various organic systems 
develop from the four secondary germ-layers, is, from the 
very firet, exactly the same in Man as in all other Vorte- 
bmatea The germ-history of each separate organ afforded 
proof that the human embryo takes exactly the same special 
direction in its differentiation and formation, which, exeept 
in Man, occurs only in the other Vertebrates, Within this 
great animal tribe we then traced, step by step, and stage 
after stage, the farther development which takes place in the 
entire body as well as in all its several parts, ‘This higher 
development takes place in the human embryo in the form 
peculiar to Mammals, Finally, wo saw, that even within 
this class the various stages of phylogenctic development, 
which determine tho natural classification of Mammals, 
correspond throughout to the various stages of ontogenetie 
formation through which the human embryo passes in the 
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further course of its development. We were thus enabled 
to determine the place of Man more definitely in the system 
of this class, and accordingly to establish the nature of his 
relation to the various mammalian orders. 

‘The course of reasoning which we adopted in explaining 
these ontogenetic facts, was simply the logical carrying out 
of the fundamental law of Biogeny. In so doing we have 
constantly tried to carry out the significant distinction 
between palingenetic and kenogenetic phenomena, Palin- 
genesis, or “the history of inheritance,” alone enabled us to 
draw direct conclusions from observed gorm-forms as to the 
tribal forms transmitted by heredity. On the other hand, 
these conclusions were more or less endangered, wherever 
Kenogenesis, or “vitiated evolution,” was introduced by new 
adaptations. The whole understanding of the history of in- 
dividual evolution depends on the recognition of this most 
important relation. We stand here on the border-line which 
sharply divides the new from tho old method of scientific 
investigation, the new from the old conception of the world. 
All the results of recent morphological research drive ua 
with irresistible force to the recognition of this fundamental 
principle of Biogeny, and of its far-reaching consequences. 
‘These are, it is true, irreconcilable with the customary 
mythological ideas of the world, and with the powerful 
prejudices engrafted into us in early youth by theosophic 
instruction; but, without this fundamental law of Biogeny, 
without the distinction between Palingonesis and Keno- 
genesis, and without the Theory of Descent, upon which | 
these are based, we are entirely unable to understand tho 
facts of organic development; without these, we cannot 
afford the faintest explanation of any part of this great and 
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wonderful world of phenomena, But, if we recognize the 
causal relation between the development of the germ and 
that of the tribe, if we recognize the true causal connection 
of Ontogeny and Phylogeny, which is expressed in that law, 
then the wonderful phenomena of Ontogeny explain them- 
selves moat simply; then the facta of germ-development 
appear but the necessary mechanical effects of the develop- 
ment of the tribe, conditioned by the laws of Heredity and 
Adaptation. The inter-operation of these Jaws among the 
everywhere-active influences of the struggle for existence, 
—or, ns we may simply say with Darwin, Natural Selection, 
—is amply sufficient to explain to us the entire process of 
germ-history by the history of the tribe. Darwin's chief 
merit lies in the fact, that by the discovery of the inter- 
action of the phenomena of Heredity and Adaptation, he 
prepared the way for a correct, logical understanding af the 
history of Evolution, 

Among the numerous and important evidences that we 
have found for the truth of this view of our development 
history, I will only call attention here once more to the 
peculiarly valuable records of creation afforded by Dystelo- 
ology, or the doctrine of purposelessness, the seienee dealing 
with rudimentary organs It is impossible to emphasine 
too often and too strongly the high morphological import- 
ance of those remarkable parts of the body, which arg, 
physiologically, completely worthless and usclest, Tn every 
system of organs we find, in Man and in all higher Verte 
brates, some of these worthless primmval heirlooms, which 
have been inherited from our lower vertebrate ancestor, 
‘Thus, first, we find on the outer surface of the body # seanty 
rudimentary covering of hair, which is thicker only on the 
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head, in the armpits,and on some other parts of the body. The 
short hairs on the greater part of the surface of our bodies are 
entirely useless, are without any physiological significance ; 
they are the last scanty remains of the much more fully 
developed hairy covering of our Ape ancestors (p, 208). The 
sense-organs exhibit a series of the most remarkable rudimen- 
tary parts. As wo havo seen, the whole external shell of the 
ear, with its cartilages, muscles, and membranes, is, in Man, 
muscles appendage, destitute of the physiological importance 
that was formerly, crroncously, attributed to it, It is the 
atrophied remnant of the pointed, freely-moving, und much 
more highly developed mammalian ear, the muscles of which 
‘we retain, although we can no longer use them (p. 271). 
Again, we found, at the inner corner of the human eye, the 
remarkable little crescent-shaped fold, which is of no use to 
us, and is of interest only as being the last vestigo of the 
nictitating membrane; of that third inner eyelid which is 
still of great physiological importance in Sharks and many 
Amnion Animals (p. 259). Numerous and interesting 
dysteleological proofs are also afforded by the apparatus of 
motion, both by the bony and the muscular systems, T 
will only cite the free, projecting tail of the human embryo, 
and the rudimentary caudal vertebrae developed in the 
latter, together with the pertinent muscles; this whole 
organ is entirely uscless to Man, but is of great interest ag 
the atrophied remnant of the long tail of our earlier Apo 
ancestors, which was composed of numorous vertobre and 
muscles (p. 283), From those samo ancestors we have also 
inherited various bone-processes and muscles, which were of. 
great use to them in their climbing life among the trees, but 
with us have fallen out of use. At various points under the 
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skin we also have entirely unused skin-muscles; vestiges of 
the largely developed skin-muscles of our lower man 
malian ancestors. Tt was the function of this “panniculas 
carnosus” to contract and wrinkle the skin, as we may see 
any day done by horses to drive away flies. We still 
possess an active remnant of this great skin-muacle in the 
muselo of the forehead, by means of which we wrinkle the 
forehead and draw up the eyebrows; but we are no longer 
able to move ot will another considerable remnant of it, the 
great skin-musele of the neck (platysmma myoides) 

As in these animal organ-systems of our body, so also in 
the vegetative apparatus, we meet with many rudimentary 
organs, most of which we have incidentally noticed, 1 will 
only cite the remarkable thyroid gland (thyreoidea), the 
radiment of the crop and the remnant of the ciliated groove 
(hypobranchial groove) present in Chordonia, Ascidia, and 
Arerania, on the lower part of the gill-body (pp. 336, 353); 
also the vermiform process of the blind-intestine (ewcum) 
(p. 344), Tn the vascular system we find many useless 
ducts, the vestiges of disused vessels which wore formerly 
active blood-chamnels ; such, for instance, are the “duelux 
Botalli;” between the lung-artery and the aorta, and 
the “ductus venosus Arantii,” bets the rena porter 
and vena cava, and many others, The numerous rudi- 
mentary organs of tho urinary and soxual systems (p, 41) 
are especially interesting. Most of these are developed in 
one sex and rudimentary in the other, Thus, in the male, 
the seed-ducts form from the Wolffian ducts, of which the 
only traces remaining in the female are the Gartnerian 
canals, On the other band, from the Millerian ducts in the 
female are developed the oviduets and the uterus; while in 
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the male, only the lower extremities of these ducts remain, 
forming the useless male uterus (vesiewla prostaticn). In 
the nipples and mammary glands, the male possesses other 
Yadimentary organs which, a8 a rule, are functional only in 
tho female (p. 204), 

A closer anatomical examination of the human body 
would bring to our notice a number of other rudimentary 
organs, all of which can be explained only by the Theory of 
Descent. They are among the most important evidences for 
the truth of the mechanical theory of nature, and among the 
most overwhelming proofs against the prevailing teleologieal 
ideas of creation, If, in accordance with this latter view, Man 
and every other organism had been designed for his life- 
purpose from the beginning, and had been called into existence 
by an act of creation, the existence of these rudimentary 
organs would be an incomprehensible enigma; it would be 
impossible to understand why the Creator should have laid 
this useless burden on his creatures in their life-journey, su 
arduous at the best, On the other hand, by means of the 
Theory of Descent we ean explain their existence in the 
most simple way, and say: The rudimentary organs aro 

of the body, which, in the course of centuries, 
have gradually fallen out of use; organa which performed 
definite functions in our animal ancestors, but which, in 
us, have lost their physiological importance. They have 
Decome useless in consequence of our adaptation to new 
ciroumstances, but’ yet are transmitted from generation to 
goneration by heredity, and have only slowly atrophied. 

Like these rudimentary organs, so also all the other 
organs of our body have been transmitted to us from 
Mammals, and, immediately, from our Ape ancestors. Tho 

42 
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human body includes no single organ which is not in- 
herited from Apes; but, by moans of our fundamental law 
of Biogeny, we can trace the origin of our several systems 
of organs yet further down to various lower aneesteal 
grades. ‘Thus, for instance, we can say that we have 
inherited the enrliest organs of our body, the outer-skin 
(epidermis) and the intestinal canal, from the Gastreads, 
the nervous and muscular systema from the lower Worms 
(Arckelminthes), the vascular system, body-cavity (carloma), 
and blood from Soft Worms (Scolecida), the notochord and 
the gill-intestine from Chorda Animals, the differentiated 
organs of sense from the Cyclostoma, the limbs and the 
Mullerian ducts from Primitive Fishes (Selachia), and the ex- 
ternal reproductive organs from Primitive Mammals (Pro- 
mammatia). When we stated the “Jaw of the ontogenetic 
connection of systematically allied forms,” and determined 
the relative age of the organs, we saw how we could draw 
such phylogenetic conclusions as these from the ontogenetic 
succession of the organ-systems (vol. i. p. 3005 ii, B57). 

By the help of this important law and of Comparative 
Anatomy, we wero also enabled to determine definitely 
“man's place in nature,” or, as we may say, to assign to 
man his position in the system of the animal kingdom, It 
is now usual, in the more recent zoological systems, to 
distribute the whole animal kingdom into the seven tribes, 
or phyla, which are again sub-divided, in round numbers, 
into about forty classes; and these classes into about 
two hundred orders. According to hia whole organization, 
primarily, a member of but a single 
tribe, that of Vertebrates ; secondly, ho is a member of hut 
a single class, that of Mammals; and, thirdly, a member 
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of but a single order, that of the Apes All the character- 
istic peculiarities, distinguishing Vertebrates from the other 
six tribes, distinguishing Mammals from the othor forty 
classes, and distinguishing Apes from the remaining two 
hundred orders of the animal kingdom, ore also present 
in Man. Turn and twist as we may, we cannot escape this 
anatomical and systematic fact, Quite recently this very 
fact has led to the liveliest discussion, and has occasioned, 
especially, many disputes about the specific anatomical 
relationship of Man to Apes, The most astounding views 
on this “ape question,” or “pitheeoid theory,” have been 
uttered. It will therefore bo well to examine it closcly 
once more at this point, and to separate the essential from 
the non-essential in it, 

We will start from the undisputed fact, that Man, at all 
évents—whether his special blood-relatianship to Apes ix 
acknowledged or denied —is a genuine Mammal, is a Pla- 
cental Mammal. This fundamental truth can be so easily 
proved at any momont by investigations in Comparative 
Anatomy, that it has been unanimously acknowledged since 
the separation of the Placental from the lower Mammals 
(Pouched Animals, or Marsupiatia, and Beaked Animals, or 
Ornithostoma). But, from this, every logical adherent of 
the doctrine of development at once draws the conclusion, 
that man is descended from one and the same common 
parent-form, together with all other Placental Animals, from 
the progenitor of the Placentalia, just as, farther, we must. 
necessarily suppose a common mammalian ancestral form 
of all the various Mammals (Placentalia), Pouched Animals, 
and Cloacal Animals (Monotremata); but by this the great, 


al-agitating main question of man’s place in nature is 
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conclusively settled; whether we ascribe to Man a nearer or 
a more remote relationship to Apes. No matter whether 
Man is, in a phylogenetic sense, a member of the Ape order 
(or, if it is preferred, of the Primate order) or not,—in 
any case, his direct blood-relationship to all other Mammals, 
and especially to the Placental Mammals, is established Tt 
tay be that the inter-relations of the various Mammals 
are quite different from thos: now hypothetically assumed ; 
but, in any case, the common descont of Man and all 
other Mammals from a common parent-form is indis- 
putable. This primeval, long since extinct parent-form, 
which probably developed during the Triassic Period, was 
the monotreme ancestral form of all Mammals, 

If this fundamental and extremely significant principle 
is bone in mind, the “ape question" will appear to us 
in a wholly different light from that in which it is usually 
presented. A little reflection will bring conviction that 
this question has not the importanee that has of Inte been 
attributed to it; for the origin of the human race from 
a series of various mammalian ancestors, and the historical 
development of the Intter from an carlier series of lower 
vertebrata ancestors, remains indubitably established, no 
matter whether the genuine “ Apes” are regarded ax the 
nearest animal ancestors of the human race or not. Bat, 
it having become habitual to lay the principal weight of 
the ontire question of the origin of man on this very 
“doscont from Apes,” I find myself compelled to return 
ones more to it hore, and to rocall those facts in Com- 
parative Anatomy and Ontogeny, which conclusively settle 
this “ape question.” 

Tho shortest way to the goal is the one taken by 
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Huxley in his celebrated work, which we hnve so often 
quoted, on the “ Evidences as to Man's Place in Nature,”"— 
the way afforded by Comparative Anatomy and Ontogeny. 
We have to compare objectively all the several organs of 
Man with the sume organs in the higher Apes, and then to 
ascertain whether the differences between the former and 
the latter are greater than the corresponding differences 
between the highor and lower Apes. The indubitable and 
indisputable result of this comparative anatomical investi- 
gation which was conducted with the greatest candour and 
aceuracy, Was the important law, which, in honour of its 
discoverer, we have named /Tualey's Law; namely, that the 
physical differences betwoon the organizntion of Man and 
that of the most highly developed Apes known to us, are 
much smaller than tho corresponding differences betwoon 
the higher and lower Apes. We might even define this law 
yet more exactly by exeluding entirely the Platyrhina or 
American Apes os being more remote relatives, and limiting 
our comparison to the narrower circle of relatives, the 
Catarhina, or Apes of the Old World. Even within this 
small group of Mammals, we found the differences of struc- 
ture between the higher and lower Narrow-nosed Apes, for 
example between the Gorilla and the Baboon, much groator 
than the differences between these Man-like Apes and Man. 
When, in addition, we now turn to Ontogeny, and when we 
find there, according to our “law of the ontogenetic con- 
nection of systematically related forms, that the embryos of 
Man and of the Man-like Apes, are idontical for a longer 
period than the embryos of the highest and of the lowest 
Apes, we are certainly obliged to bring ourselves, whether 
with a good or a bad grace, to acknowledge our origin from. 


i 
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the Ape onder. From the facts exhibited by Comparative 
Anatomy, we can undoubtedly form in imagination an 
approximate image of the structure of our ancestors during 
tho oldor Tertiary Poriod ; we may fill ont the details as wo 
will, yet this image will be a genuine Ape, and 4 true 
Catarhine. For Man hos all the physical characters dis- 
tinguishing the Catyrhina from the Platyrhina. Accord- 
ingly, in the mammalian pedigree, we must derive the 
human race directly from the Catarhine group, and refer 
the origin of Man to the Old World. For the entire group 
of the Catarhine Apes has, ax yet, been confined to the Old 
World, just as the group of the Platyrhine Apes bas beon 
limited to the Now. Only the earliest root-form, that from 
which both groups sprang, was common to them; probably 
it originated from the Semi-apes of the Old World. 
Therefore, although it is thus indubitably established ax 
the result of our objective scientific inquiry, that the buman 
race is directly descended from the Apes of the Old World, 
yet we will once mom stats emphatically that this siguifie 
cant fact is not of as great importance to the main question 
of the origin of Man, as is generally suppose, For, even 
if we entirely ignore the fact or thrust it aside, this will 
not affect all that the zoological facts of Comparative 
Anatomy and the history of development bave taught us 
concerning the placental character of Man. ‘These clearly 
prove the common descent of Man and the other Mammals, 
It is evident also, that the main question cannot be in the 
least evaded or set aside by the statement: “Man és, indeed, 
a Mammal; but he branched off from the others quite at 
the root of the class, and has no nearer relationship with 
any other extant Mammal.” At all events, tho relationship 
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is evidently more or less close if we comparatively examine 
the relation of the Mammalian class to the remaining forty 
classes of the animal kingdom. All Mammals, including 
Man, are, at least, of common origin, and it is equally 
certain that their common parent-forms gradually developed 
from a long series of lower Vertebrates. 

Feeling, evidently, rather than understanding, induces 
most people to combat the theory of their "descent from 
Apes” It issimply because the organism of the Ape appears 
a caricature of Man, a distorted likeness of ourselves in a 
not very attractive form, because the customary «wsthetic 
‘ideas and self-glorification of Man are touched by this in so 
sensitive a point, that most men shrink from recognizing 
their descent from Apes. It seems much pleasanter to be 

_ descended from a more highly developed, divine being, 
and hence, as is well known, human vanity has, from the 
earliest times, flattered itself by assuming the original 
descent of the race from gods or demi-gods. Tho church, 
with that sophistieal distortion of ideas of which she is 
80 great an adopt, has managed to extol this ridiculous 
pride as Christian humility; and those people who 
reject with haughty horror every suggestion of descent 
from lower animals, and consider themselves children of 
God, these very people are exceedingly fond of boasting 
about their childlike humility of spirit. In most of the 
sermons delivered againat the progress of the doctrine 
of evolution, human vanity and conceit play throughout 
& prominent part; and, although we have inherited this 
characteristic weakness from Apes, yet we must confess to 
having developed it to a dogree of perfection which 
completely overthrows the unprejudiced judgment of the 
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“sound understanding of man." We ridienle the childish 
follies occasioned by the pride of ancestry among the 
nobility, from the splendid Middle Ages down to our own 
time, and yet no small portion of this groundless pride 
of nobility lurks in a great majority of men. Just as most 
people prefer to trace their pedigree from a decayed baron 
or, if possible, from a celebrated prince, rather than from 
an unknown, humble peasant, so they prefer seeing the pro- 
genitor of the human race in an Adam degraded by the Fall, 
rather than in an Ape capable of higher development and 
progress, It is a matter of taste, and euch genealogical 
preferences do not, therefore, admit of diseussion. Still 1 
muet confess that, personally, I am as proud of my paternal 
grandfather, who was simply a Silesian peasant, as of my 
maternal grandfather, who raised himself from the position 
of a Rhenish lawyer to the highest posts in the eouncil 
of state. And it is also much more to my individual taste 
to be the more highly developed descendant of a primeval 
Ape ancestor, who, in the struggle for existence, had dee 
veloped progressively from Jower Mammals, as they fbom 
still lower Vertebrates, than the degraded descendant of 
an Adam, god-like, but debased by the Fall, who was formed 
from 4 clod of earth, and of an Eve, created from « rib of 
Adam. As regards this celobrated “rib,” I must here ex- 
pressly add as a supplement to the history of the develop- 
ment of the skeleton, that the number of ribs is the same in 
man and in woman. In the latter as well as in the former, 
the ribs originate from the skin-fibrous layer, and ara to be te- 
garded phylogenetically as lower or ventral vertebrse (p. 285). 

Now I certainly hear some one say: “That may all be 
right and correct as far as the human body is concerned, and, 
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from the facts presented, it is certainly no longer to be 
doubted that this has actually developed gradually, stop by 
step, from the long ancestral serios of Vertebrates; but it is 
quite otherwise with the ‘spirit of man, with the human 
mind, which cannot poasibly have developed in a» similar 
way from the mind of lower Vertebrates.” Let us see if the 
Known facts of Comparative Anatomy, Physiology, and 
Evolution can meet this grave objection. We shall best 
gain firm ground from which to start in this matter by 
comparatively examining the minds of the different Verte- 
brates. Side by side within the various eclassos, orders, 
genera, and species of Vertebrates, we find so groat a variety 
of vertebral intellects, that, at first sight, one can scarcely 
deem it possible that they can all be derived from the mind 
of a common “Primitive Vertebrate.” First, there is the 
little Lancelet, which has no brain at all, but only a simple 
medullary tube, the entire mental eapacity remaining at 
the very lowest grade oceurring among Vertebrates ‘The 
Cyelostomi, also, standing just above, exhibit a hardly 
higher mental life, though they have a brain. Passing on to 
Fishes, we find their intelligence, as is well known, also 
ata very low point. Not until from these we ascend to the 
Amphibia, is any essential progress in mental development 
observable. This is much greater in Mammals, although, 
even here, in the Beaked Animals (Ornithostoma), and the 
next higher class, the stupid Pouched Animals (Mare-pials), 
the entire mental activity is still of a very low order; but 
if we pass on from these to Placental Animals, within this 
multiform group we find such numerous and important 
steps in differentiation and improvement, that the mental 
differences between the most stupid Placental Animals (for 
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instance, Sloths and Armadillos) and the most intelligent 
animals of the same group (for instafice, Dogs and Apes), 
seem much more considerable than the intellectual dif 
ferences between those lowest Placentals and the Pouched 
Animals, or even the lower Vertebrates. Those differences 
are, ab any rate, much more considerable than the dif- 
ferences in the intellectual life of dogs, apes, and men. And 
yet all these animals are allied members of a single clase 
‘This fact is shown to a yet more surprising degree in 
the Comparative Psychology of another class of animals, 
which is specially interesting for many reasons, that of 
Insects, It is well known that many Insects exhibit = 
mental capacity approximately as highly developed as is 
possessed by Man only of the vertebrate group. It is needles 
to speak of the celebrated organized communities and states 
of Bees and Ants; every one knows that very remarkable 
social arrangementa occur among these, such as occur in an 
equal degree of development only in the higher races of 
men, and nowhere else in the animal kingdom. I will only 
allude to the civil organization and government among 
Monarehical bees and Republican ants, to their division 
into various orders: the queen, the drone nobility, the 
workers, the nurses, soldiers, and soon. Among the most 
remarkable phenomena in this extremely interesting field of 
life, is certainly the cattle-keeping of certain Anta, which 
tend plant-lice for the sake of their milk and regularly 
collect their honey-juice, Even more remarkable is the 
slave-holding of the lange red Ants, which steal the young 
of the small black species and rear them to slave-labour, 
It has long been known that all these civil and social 
arrangements of the Ants were originated by the systematic 
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co-operation of numerous citizens, understanding each other. 
Numerous observations have placed the astoundingly high 
intellectual development of these little Articulated Animals 
beyond all doubt. With this let us compare, as Darwin 
has done, the intellectual capacity of many lower, and, 
especially, of many parasitic, Insects. There, for example, 
are the Scale Insects (Coceus) which, when mature, consist 
of an entirely immovable shield-shaped body attached to 
the leaves of plants. Their fect are atrophied. Their 
mouths are cmbedded into the tissue of the plant, the 
juices of which they suck. The whole mental activity of 
this motionless female parasite consists in the enjoyment it 
dorives from sucking these juices and from sexual inter- 
course with the unattached male. The same is true of the 
maggot-like female of the Twisted-wings (Strepsiptera), 
which spends its whole life, wingless and footless, as a 
motionloss parasite in the body of the wasp. There can be 
no suspicion of any higher mental activity there. If these 
bratish parasites are compared with the mentally active 
and sensible ants, it will certainly be admitted, that the 
psychical differences between the two are much greater 
than those between the highest and lowest Mammals, 
between Beaked Animals (Ornithostoma), Pouched Animals 
(Marsupialia), and Armadillos on the one hand, and Dogs, 
Apes, and Men on the other. And yct all those insects 
belong, without question, to the single class of Arthropoda, 
just as all these Mammals undoubtedly belong to the single 
class of Vertebrates ; and just as every logical adherent of 
the doctrine of evolution must assume a common parent- 
form for all those Insects, so also he must. necessarily assert 
common descent for all these Mammals, 
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Turning now from observing the comparative mental 
capacity of the various animals to the question as to the 
organs of those functions, we receive the answer, that in all 
higher animals they are invariably connected with certain 
groups of cells, those cells which compose the central 
nervous system. All naturalists, without exception, agree 
that the central nervous system is the organ of the mental 
life of animals, and this assertion is at any time capable 
of experimental frost If the central nervous system is 
wholly or partially destroyed, the “mind,” or the psyehieal 
activity of the animal, is wholly or partially annihilated at 
the same time. We must, therefore, next inquire what is 
the charactor of the mental organ in man. The undeniable 
answer to this question has already been given. Man's 
mental organ is, in its whole structure and origin, the same 
as that of all other Vertebrates, It originates as m simple 
medullary tube from the outer skin of the embryo, from 
the skin-sensory layer, or the first of the secondary germ- 
layers, Tn the course of its gradual development it passes 
through the same stages of progression in the human 
embryo as in that of all other Vertebrates, and aa theee 
latter have undoubtedly a common origin, 30 must also the 
brain and gpinal cord be of the same origin in all, 

Physiological observation and experiment teaches, more- 
over, that the relation of the “mind” to its organ, the brain 
and spinal marrow, is exactly the same in Man as in all 
other Mammals The former can in no case act without 
the latter; the one is connected with the other, ag is 
museulac movement with musele. ‘Therefore, the mind ean 
develop only in connection with its organ. Adherents of 
the Theory of Descent, who concede the causal eonnection 
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between Ontogeny and Phylogeny, are now compelled to 





recognize the following propositions : The mind, or “ psyche,” 
of man las developed together with, and as the function of 
the medullary tube, and just as even now the brain and 
spinal marrow develop in each human individual from the 
simple medullary tube, so the human “ mind,” or the mental 
capacity of the entire human race, has developed gradually, 
step by step, from the mind of lower Vertebrates, Just as 
even now in every individual of the human race the 
wonderful and complex stracture of the brain develops 
step by step from exactly the same rudiment, from the 
same five simple brain-bladders, as in all other Skulled 
Animals (Craniota), so the human mind has gradually 
developed in the course of millions of years from the mind 
of lower Skulled Animals; and as now the brain of every 
human embryo differentiates according to the special type 
of the Ape-brain, so also the human psyche has historically 
differentiated from the Ape-mind. 

This monistic idea will, of course, be indignantly. ro- 
jected by most people, who accept the contrary dualistic 
yiew, which denies the inseparable connection of the brain 
and the mind, and regards “body and mind” as entirely 
separate and distinct; but how shall we reconcile this 
commonly accepted view with the facts taught by the 
history of evolution? The dualistic view is, at least, as 
irreconcilably opposed to Ontogeny as to Phylogeny, If 
‘we agree with the majority of men, that the mind is a self- 
existent, independent being, which has originally nothing 
to do with the body, but only dwells in it for a time, and 
which gives expression to its emotions through the brain, 
as the piano-player through his instrument, then we must 
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suppose x period in the human germ-history, at which the 
mind enters the body, enters the brain; and we must also 
suppose a moment at death, at which it leaves the body; 
and further, as every man inherits certain individual 
mental qualities from each parent, we must supposo that 
portions of the mind of cach were transferred to the germ 
at the time of its procreation. A little piece of the father's 
mind accompanied the sperm-cell, a little piece of the 
mother’s mind remained with the egg-cell. This dualistic 
view entirely fails to explain the phenomena of evolution. 
We all know that the new-born child has no consciousness, 
no knowledge of itself and of the objective world, Who- 
ever has children of his own, and follows their mental 
development candidly, cannot possibly deny that processat 
of biological evolution are at work there. Just as all other 
functions of the body develop in connection with their 
organs, 80 doves the mind develop in connection with the 
brain, And this gradual development of the ‘child's amind 
is such a wonderful and beantiful phenomenon, that 
mother and every father with eyes to seo takes unweariod 
delight in observing it. The toxt-books of Psychology 
alone are ignorant of any such dovolopment, and we ars 
almost foreed to the conclusion that their authors them= 
selves never had any children. The human mind, as it is 
represented in the great majority of psychological works, 
is only the one-sided mind of learned philosopher, who, 
indeed, knows many books, but nothing of the process of 
evolution, and does not suspect that even his own mind has 
developed. 

These eame dualistic philosophers must, of course, if 
they are consistent, also assume that there was a moment 
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in the Phylogeny of the human mind at which this mind 
first entered the vertebrate body of man. Accordingly, at 
the time when the human body developed from the body 
of the Anthropoid Ape (thus, probably, in the latter part of 
the Tertiary Period), a specific haman mind-element—or, a3 it 
is usually expressed, a “divine spark "—must have suddenly 
entered or been breathed into the brain of the Anthropoid 
Ape, and thero havo associated itself with tho already 
existing Ape-mind. I need not point out the theoretic 
difficulties involved in this conception. I will only remark 
that even this “divine spark,” by which the mind of Man 
is said to be distinguished from that of all other animals, 
tnust itself be a thing capable of evolution, and has actually 
developed progressively in the cours: of human. history. 
This “divine spark” is usually understood to be “reason,” 
and ig aseribed to man as a mental function distinguishing 
him from all “irrational animals.” Comparative Psycho- 
logy, however, teaches that this fronticr-post between man 
and beast is altogether untenable’ We must cither take 
the idea of reason in its broader sense, in which case it 
belongs to the higher Mammals (the Ape, Dog, Elephant, 
Horse), as touch as to the majority of men; or we must 
conceive it in its narrower senso, and then it is lacking in 
the majority of men, as well as in most animals. On the 
whole, that which Goethe's Mephistopheles said of his time, 
is true of Man’s reason to-day : 
© Ho might have kept himsolf moro right 
Hadit Thou no’or hewn to him « glimpre of heaven's light, 


He calls it Reason, but Thow svest 
Tts uso but mokes him benstlior than the beast!" 


If, therefore, we must abandon this gonorally preferred, 
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and, in many respects, very pleasant dualistic theory of the 
mind, as being wholly untenable, because irreconcilable 
with genetic facts, then the opposite monistie view alone 
remains to us, according to which the human mind, like 
that of any othor animal, is a function of the central nervous 
system, with which it has developed in inseparable eon- 
nection, Ontogenetically, we sce this in every child; 
phylogenctically, we must assert it in accordance with the 
fundamental law of Biogeny. In every human embryo 
the medullary tube develops from the skin-sensory Iyer, 
and from the anterior part of that tube the five Train- 
bladders of Skullod Animals (Crantota), and from these 
the mammalian brain (at first with the characteristics of 
the lower, then with those of the higher Mammals), 
Tust as this ontire ontogenetic process is but a short repro- 
duction, occasioned by Heredity, of the same process in the 
Phylogeny of Vertebrates, go also the wonderful mental 
activity of the human race has gradually developed, step 
by step, in the course of many thousands of years, from the 
less perfect mental activity of the lower Vertebrates, And 
the evolution of the mind in each child is only = brief 
reproduction of that long phylogenetic process. 

The extraordinary and important bearing of Anthro- 
pogeny on Philosophy, in the light of the fundamental prin- 
ciple of Biogeny, now becomes apparent. The speculative 
philosophers who will take possession of the facts of On- 
togeny and explain them phylogenetically (according to that 
law), will introduce # greater advance in the history of 
Philosophy than has been made by the greatest thinkers of 
all previous centuries. Undoubtedly every clear and logical 
thinker must draw from tho facts of Comparative Anatomy 
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and Ontogeny which have been brought forward, a mass 
of suggestive thoughts and reflections which cannot fail 
of their effect on the further development of the philo- 
sophical study of the universe. Neither can it be doubted 
that these facts, if properly weighed, and judged without pre- 
Judice, will lend to the decisive vietory of that philosophical 
tendency, which we distinguish, brictly, 1s monistic or 
mechanical, in distinction from the dualistic or teleological, 
on which most philosophical systems of ancient, medimval, 
and modern times are based, This mechanical, or monistic 
philosophy, asserts that everywhere the phenomena of 
human life, as well as those of external nature, are under 
the control of fixed and unalterable laws, that there ix 
everywhere a necessary causal connection between phono- 
‘mena, and that, accordingly, the whole knowable universe 
forms one undivided whole, a “monon.” It further asserts, 
that all phenomena are produced by mechanical causes 
(couse eficientes), not by pre-arranged, purposive causes 
(couse finales), Hence there is no such thing ax “free- 
will” in the usual sense, On the contrary, in the light of 
this monistie conception of nature, even those phenomena 
which we have been accustomed to regard as most free and 
independent, the expressions of the human will, appear as 
subject to fixed laws as any other natural phenomenon 
Indeed, each unprejudiced and searching test applied to the 
action of our “free-will" shows that the latter is never 
really free, but is always determined by previous causal 
conditions, which are eventually referable eithor to Heredity 
‘or to Adaptation. Accordingly, we cannot assent to the 
popular distinction between nature and spirit. Spirit 
exists everywhere in nature, and we know of no spirit out- 
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side of nature. Hence, also, the usual distinetion between 
natural science and mental science is entirely «untenable 
Every real science is at the same time both a natural and» 
mental science, Man is not above nature, but in nates 
The opponents of the doctrine of evolution are very fond 
of branding the monistie philosophy grounded wpom it as 
“materialism,” by confusing philosophical materialisaa with 
the wholly different and censurable moral materialism 
Strictly, however, our “monism " might, as accurately or as 
inaccurately, be called spiritualism ax materialism. ‘The 
real materialistic philosophy assorts, that the vital pheno- 
mona of motion, like all other phenomena of motion, are 
offects or products of matter. The other, opposite extreme, 
spiritualistic philosophy, asserts, on the contrary, that 
matter is the product of motive force, and that all material 
forms are produced by free forces entirely independent of 
the matter itself, Thus, according to the materialistic 
coneeption of the universe, matter, or snbstange, precedes 
motion, or active foree. According to the spiritualistie con- 
coption of the universe, on the 
motion precedes matter. Both vie 








mntrary, active force or 
vs are dualistic, and we 
hold them both to be cqually false. A contrast to both 
views is presented in the monistie philosophy, which ean as 





little believe in foree without matter, as in matter witheut 
force. It is only necessary to reflect on this for « time 
from a strictly scientific standpoint, to find that on close 
examination it is impossible clearly to represent the one 
without the other. As Goethe says, “Matter can never 





esist and act without spirit; neither can spirit without 
a 





matter. 


The 





spirit” and “mind” of man are but forces which 
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aro inseparably connected with the material substance of 
‘our bodies. Just as the motive force of our flesh is involved 
in the muscular form-eloment, so is the thinking force of 
our spirit involved in the form-clement of the brain. Our 
spiritual forces aro as much functions of this part of the 
body, as every force is function of a material body. We 
know of no matter which does nob possess force, and, con- 
versely, of no forces that are nob connected with matter. 
When the forces manifest themsolves in the phenomena of 
motion, they are called active forces; if, on the other hand, 
the forces aro in a state of rest, or of equilibrium, they are 
called Jatent forees™ ‘This is as true of inorganic natural 
substances as of organic, The magnet attracting iron- 
filings, powder exploding, steam driving the locomotive, are 
active inorganic substances; they work by active foree just 
as does the sensitive mimosa, when it folds its leaves at a 
touch,—as does the Amphioxus, when it buries itself in the 
sand,—as docs man, when he thinks. Only in these Intter 
eases the combination of the different forces, appearing as 
phenomena of motion, are much more complex and much 
less easily recognized than in the former cases. 
Anthropogeny has Ied us to the conclusion that even in 
the entins history of the evolution of man, in the history of 
the gorm, as well as in that of the tribe, no other active 
forees have boon at work, than in the rest of organic and 
inorganic nature, All the forces at work there can be 
reduced at last to growth—to that fundamental function of 
evolution by which the forms of inorganic, as well as of 
organic bodies, originate. Growth, again, itself rests on the 
attraction and repulsion of like and unlike particles™ Tt 
has given rise to Man and to Ape, to Pulm and Alga, to 
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crystal and water. Hence the evolution of man has taken 
place according to the same “eternal, immutable Jaws,” 
as has the evolution of any other natural body. 

Tt is true that the prejudices that stand in the way of 
the general recognition of this “Natural Anthropogeny” 
are even yet intensely powerful; otherwise the ancient 
strife between the various philosophical systems would 
already have been decided in favour of “Monism.” But 
it can be foreseen with certainty that a more general 
acquaintance with genetic facts, will gradually destroy 
those prejudices and bring about the victory of the 
natural idea of “Man's Place in Nature” The fear ix 
often expressed in opposition to this view that it will cause 
a retrogression in the intellectual and moral development 
of man; but, on the contrary, I cannot withhold my convie- 
tion, that the very reverse will be tras, that by it the pro- 
gressive development of the human spirit -will be advanced 
in an unusual degree. At all events, I hope and trust that 
I have, in these chapters, afforded eonvineing proof that 
the only way to attain a true seientifie knowledge of the 
human organism, is by employing the method which we 
must acknowledge to be alone correct and successful in the 
study of organic nature,—by following the course of the 
History of Evolution.” 
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REMARKS AND REFERENCES TO LITERATURE. 


— 


1 (vol. i. p.2), Anthropogeny (Greck)=History of the Evolas 
tion of Man; from Anthropos (dvOpe7os)=man, and genca (yered) 
= Evolution history. Thore is no especial Greok word for " the 
history of evolution ;" in its place is used either yond (= da. 
scent), or yoréa (= generation). If goneiw is preferred to 
genes, the word must bo written Anthropogony. Tho word 
 Anthropogony,” used first by Josephus, means, however, only 
“the gencration of man,” Gonosia (yéreots) means “ origination, 
or evolution ;” therefore Anthropogoneris =" the evolution of 
man.” 

2 (i. 3). Embryo (Greek) = germ ({Bpvor). Really +d ards 
Tis yaorpds Bevov (Eust:), i.e. the unborn germ in the mother’s 
body (Latin fetus, or, better, fotus). In necordance with thia 
original senso, the term embryo should only be applied to those 
young organisms which are still enclosod in tho ogg-coverings. 
(CF. *Generelle Morphologie,” vol. ii. p. 20.) Tnnecurntely, how- 
ever, various free-moving young forms of low animals (larvw) 
aro often spoken of as embryos, Kmbryonic life ends at birth. 

8 (i. 5). Embryology (Greek) = Gorm-science, from embryon 
(iBpvov) = germ, und logos (Adyos)=science. Even now the 
whole history of tho evolution of the individual is erroneously 
called “embryology.” For corresponding with the term 
“embryo” (sce note 2), by “embryology,” or “ embryogony,” 
should only bo understood “the history of the evolution of the 
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individnal within the ogg-covurings." As soon as the onganien 
hus Iefttthere, it is no longer a real “embryo.” The later changes 
of this form the subject of the acicnce of Mctamorphoses, ur 
Melomorphology. 

4 (i. 5). Ontogeny (Greek) = “germ-history,” or “the 
history of the evolution of the individual,” from drra=indix 
viduals, and gonoa (yeved) = history of evolution. (Cf. note 1.) 
Ontogeny, aa the “history of the evolution of tho individnnl,”” 
embraces both Embryology and Metamorphology (note 3).— 
“ Gonoryllo Morphologic,” vol. ii. p. 30. 

5 (i. 5). Phylogeny (Grock) = tribal history, or “the pa- 
Iwontological history of evolution ;" from phylon (pbkor) = tribe, 
and gonea (yerd) history of evolation, ‘The phylon inclades 
all orgnnisms connected by blood, which are descended from a 
common typical parent-form. Phylogeny includes Paleontology 
and Gonealogy.— Generelle Morphologie,” vol. ii. p. 205. 

6 (i, 6). Biogeny (Greek) =the history of the evolution of 
organisms or of living natural bodies in the widest sense. 
(Gopea tu bin.) los «life, 

7 (i. 6). The fondamontal law of Biogeny. Cf, my “General 
History of the Evolution of Orgunisms" (‘Gonerelle Morphologi 
1866, vol. ji.}, p.300 (Essays on the causal connoction of biogenetic 
and phyletic evolution); also the “Monograph of Chalk 
Sponges " (* Monographie der Kulkschwarmme," 1872, vol-i. 471) 
also my “ Natural History of Creation.” 

8 (i. 10). Palingonesis (Greek) = original cyolution, from 
palingonesia (wadwyarcia) = new-birth, renewal of the former 
course of evolution. Therefore, Palingeny = inherited history 
(from rady=reproducod, and yevei=histary of evolution). 

9 (i. 10). Kenogon ck) = modified evolution, from 
konos (xerds) strange, meaningless ; and gonea (yoed) = history 
of evolution, ‘The modifications introduced into Palingonesis 









































by Kenogenesis are vitiations, strange, meaningless additions to 
the original, true course of ovolution. Kenogeny = vitiated 
history. 


10 (i. 12). Latin definition of the fundamental law of 





NOTES, 461 


Biogeny: “ Ontogencsis summarium vol recapitulatio ost phy- 
Jogoneseos, tanto integrins, quanto hereditate palingenesis con- 
servatnr, tanto minus integram, quanto adaptatione kenogenesis 
introducitur.” Cf. my “Aims and Mothoda of Recent History 
of Evolution” (* Zivle und Wege der Heutigen Eutwickelungs- 
geschichte,” p. 77. Jona, 1876). 

11 (i. 17). Mechanical and purposive causes, Mochanical 
natural philosophy assumes that thronghont nature in organie 
as well as in inorganic processes, only non-purposive, mechanical, 
nocessarily-working causes exist (cause oficiontes, mechanism, 
caeality), On tho other hand, vitalistic natural philosophy 
asserts that the latter are at work only in inorganic processes, 
which in certain other, purposive, special causes are nt work, 
conscious or purposive causes, working for a definite end (cauan 
finales, Vitalism, Teleology). (Cf. “Gonorelle Morphologie,” 
vol. i. p. 94.) : 

19 (i. 17). Monism and Duolism. Unitary philosophy, or 
Moniam, in noithor oxtromely matorinlistic nor oxtromely spirit- 
nalistic, bat resembles rather a union and combination of these 
opposed principles, in that it conceives all nature as one whole 
and nowbero recognizes any but mechanical cavscs. Binary 
philosophy, on the other hand, or Dualiam, regarda nature and 
spiril, matter and force, inorganic and organic nature as distinct 
nnd independent existences, (Cf. vol. ii. p. 456.) 

13 (i. 20). Morphology and Physiology. Morphology (as 
the science of forms) and Physiology (as the science of the 
functions of organisms) nro indeed connected, but co-ordinate 
sciences, independent of cach other. ‘The two together canstitute 
Biology, or the “science of organisms,” Bach bas its peculiar 
methods and aids, (Cf, “Gonerclle Morphologic,” vol. i, pp. 
17-21.) 

14 (i. 24). Morphogeny und Physiogeny, iogens, or tha 
“history of the evolution of organisms,” up to the present time 
has been almost oxclusively Morphogeny. Just ns thin first 
opens the way to a true knowledge of arganic forms, so will 
Physiogeny afterwards make o trac recognition of functions 
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possible, by discovering their historic evolution, Tks fatare 
promises fo be most fraitful. Of, “Aims and Methods of the 
Recent History of Evolution” (" Zicte nad Woge der Hontigen 
Entwickelungsgexchichte," pp. 92-98. Jena, 1876). 

15 (i. 27). Aristotle, Five books on the generttion and 
evolation of animals (mepi {uiv yariocos). 

16 (i. 28). Parthenogenesis, On “vinginal generation,” 
or the “immaculate conception" of Invertebrates, especially of 
Articulated Animals (Crustacea, Tusecla, ete), see Sicbold, 
“Remarks on Parthonogenesis among Arthropoda" (* Beiteage 
zur Parthenogenesis der Arthropoden.” Leipzig, 1871). Georg 
Seidlitz, “ Parthonogoncsis and its Relation to other Forma of 
Genoration in the Animal Kingdom " (“Die Parthenogenesis und 
ihr Verhiiltnixs zu don tibrigen Zeugangs-Arten im Thierreioh.” 
Leipzig, 1872). 

17 (i. 34). The Preformation-theory. This theory i, in 
Gormany, asually called “ Evolutions-theorie,” in distinction from 
the “Epigencsis-thoorie.” As, however, in England, France, and 
Italy, tho Inttor is, on the contrary, usually ealled the theory of 
evolution, evolution and epigencsis being wacd as sy1 
torma, it appears better to call the former “the theory of pre 
formation.” Recently Kolliker has called his “theory of hetero 
genous generation" “ Eyolutionism” (note 47). Cf preface, 
p. xxx. 

18 (i, 87). Alfred Kirebhoff, “Caspar Friedrich Wolff, his 
Life and Tenching in the Science of Organic Evolution” 
“Jenaische Zeitechrift fiir Naturwissenscbaft,” L868, vol. ir. 
p 193. 

19 (i. 43). Part of the writings left by Wolff have not yet 
been published. His most important works are the dimertation 
for the dogroe of doctor, Theoria generationis (1759), and his 
model treatisa “de formatione intestinoram " (on tho formation 
of the intestinal canal).—'* Noy. Comment. Acad. Se. Petropol.,” 
xii. 1768; xiii, 1769. Translated into German by Mockel. 
Halle, 1812. 

20 (i. 51). Christian Pander, Historia metamorphoteos, quar 
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ovum incabatum prioribus quinque dicbus subit.” Vicebergi, 
1817. (Dissertatio inanguralis.) “Contribntions toward the 
history of the evolution of the chick within the ogg.” (“Beitriige 
sar Entwickelungegeachichto des Hahnchens im Bic.” Warz- 
burg, 1817.) 

21 (i. 52), Karl Ernst Baer, “On the Evolution of Animals. 
Observations and Reflections” (** Ueber Entwickelungsgeachichte 
dor Phiere. Beobachtang und Reflexion.” 2 vols. Kénigsberg, 
1827-1837). In addition to this chief work, ef. “ Story of the 
Life and Writings of Dr. Korl Ernst Baer, told by himsclf” 
(“Nachrichton iibor Leben und Sebriften des Dr. Kat) Ernst 
Baer, mitgotheilt von ihm selbst.” Petersburg, 1865). 

22 (i. 60). Albert Kalliker. History of the Evolution of 
Man and tho Higher Animals” (“ Entwickchingsgeschichte des 
Menschen und der hheren Thiero”). ‘The 2nd (corrected) edition, 
1878, contains (pp. 28-40) a catalogue of ontogonotic literature. 
On tho nower contributions to this, of, the “Jnhrosberichte 
fiber die Leistungen und Fortschritte der Medicin™ (Berlin), by 
Virchow and Hirsch (the “History of Evolution," by Waldeyer) ; 
also the “ Jahrosberichte tibor die Fortachritte der Anatomie und 
Physiologic,” by Hofmann and Schwalbe (Leipzig); the “History 
of Evolution,” by R. Hertwig and Nitache. Most of Kowalev= 

reaearchos aro contained in the “Memoires do Académie 
impérinle de St. Petersburg " (from the year 1866). Others aro 
published in Max Schultze's “Archiv fir mikvoskopische 
Avatomio,” and in other periodicals. 

28 (i. 60). Theodor Schwann, " Microscopic Researches into 
the Identity in Structure nnd Growth of Plants ond Animals” 
(“ Mikroskopische Untersuchungen Uber dio Ueboroinstimmung 
in der Structur und Wachsthum dor ‘Thiero und PAlanzen."* 
Berlin, 1839), 

24 (i. 69). Ernst Hneckel, the Gastrma Theory, phylogenotic 
claasifiention of the animal kingdom and homology of the germ- 
layers —"‘ Jennische Zeitschrift fir Naturwissenschaft," vol, viii. 
1874, pp. 1-56, 

25 (i. 75). Ernst Hacckel, “The History of Creation.” 
London, 1876. 
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‘84 (i. 101). Friedrich Rolle, “Man, hix Descent and Morality 
represented in the light of the Darwinian Theory, and on the 
basis of Recent Geological Discoveries” (* Dor Mensch, seine 
Abstammung und Gosittang im Lichte der Darwin'achen Lehre,” 
ete), Franktort, 1866, 

85 (i. 102). Ernst Haeckel, “Generelle Morphologie der 
Organiamon." Goneral outlines of the science of organic forms, 
mechanically shown in accordance with the theory of doscent an 
reformed by Charles Darwin. Vol. i, “General Anatomy ;" 
vol. ii., “* Genoral History of Evolution.” Borlin, 1866, 

36 (i. 103). Charles Darwin, “The Descent of Man, and 
Selection in Relation to Sex." 2 vols. London, 1871, 

87 (i 108). Karl Gogonbaur, “Oatlines of Comparative 
Anatomy” ('" Grundriige der vergleichonden Anatomic.” Loipaig. 
2nd ed., 1870). “Eloments of Comparative Anatomy” (!Grondriss 
dor vergleichenden Anatomie.” 3rd (improved) edition, 1974). 

38 (i 114), Migration-theory. Moritz Wagner, “Tho Dar- 
wrinian Theory and the Law of Migration of Organisma" ("Die 
Darwin'scho Theorie und das Migrations-gesets der Organ- 
ismen.” Leipzig, 1868). Augast Woismann, “On the Inflacnco 

of Taolation in the Formation of Species" (“ Ueber den Ein flnss 
der Isolirang auf die Artenbidang.” Leipaig, 1871). 

99(i. 116), Caras Sterne, *Evolation and Dissolution” ( Wor- 
den und Vergehen"), A popular history of the evolution of 
nature as a whole, Borlin, 1876. Agassié a ' founder” of 
natural science, “Gegenwart.” Berlin, 1876. 

40 (J. 117). Ernst Haeckel, “The Chalk-sponges” (“Die 
Kalkschwiimme; Colcispongion oder Grantio Berlin, 1872), 
A monograph and an attempted solntion of the problem of the 
origin of species. Vol. i, “ Biology of Chalk-sponges;" vol. ii, 
“Glassification of Chalk-sponges;” vol. iii, “Atlas of Chalk- 
sponges” (with GO plates). 

41 (i. 124). On the Individuality of Cells and recent reforms 
in the cell-theory, of. my “ Individualititslchre,” or “ Tectologio” 
("Genorello Morphologie,” vol. i. pp. 289-274). Rudolf 

. Virchow, “ Celinlar Pathologie.” 4th edition. Berlin, 1871. 
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a Vertcbinte Eggs with Partial Yo! 
u. Phys.” 1861, p. 491. 

446 (i, 153), Brust Haeckel, “ 

and Human Life,” in the 
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46 (i. 160). Amphigony ( 
forms of sexual reproduction (Hi 
ote.), seo “ Generello Morphologie,’ 
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theory of fitfal evolution has recen 
by Kolliker, who, under the title 
it to gradual evolution a 1 
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tribution to onr knowledge of cnnsnl connection in organic 
nature. Leipzig, 1873. 

50 (i, 178). Tho Procoss of Fortilintion has been vory 
varionsly viewed, and was formerly often rogurded o# an 
entirely mysterious process, or even as a supernatural miracle, 
It now appears no more “ wonderful or supernatural ” hun the 
process of digestion, of muscular movement, or of any othor 
physiological function. For the vurlier views, ef. Leuckart, 
Article “ Zeugrung” (generation) in R, Wagner's “ Dictionary 
of Physiology,” 1850. 

SL (i. 179). Monervla.. ‘The simple, very transient, kernele 
leas condition, which we briefly call the “monerula,” and, in 
accordance with the fundamental Jaw of Biogeny, regard ns a 
palingenetic reproduction of the phylogenetic Moneron parent= 
form, appears to vary to some extent in different organisms, 
especially in tho mattor of duration, In those caves in which 
it no longer ocenrs, and in which the kernel of the fertilized 
ogg persists wholly or partially, we may regard this phenomenon 
fas a later, kenogenctic curtailment of Ontogeny. 

$2 (. 181). The Plasson of the monorula appears, mor- 
phologically, a homogeneous and structureless substance, ike 
that of the Moneron. This is not contradicted by the fact that 
wo ascribe a yory complex molecular structure to tho plastidules, 
or “plaxson-molecules,” of the monerula; this latter will 
naturally be more complex in proportion as the organism which 
it ontogenctically constitutes is higher, and as the ancestral 
deries of that organiam is longer, in proportion aa the preceding 
processes of Heredity and Adaptation are more numerous, 

53 (i. 182). Tho Fundamental Significance of the Parent-cell, 
or oytula, as the foundation-stone of the young organism in the 
course of development, can only be rightly appreciated, if the 
part taken in its constitution by the two generating celle is 
rightly approciated, the part tuken hy the male sperm-coll and 
by the female egg-cell. 

64 (i, 183). The One-colled Germ-orgnniam, like the act of 
fertilization from which it results, has been very variously 
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viowod. Cf. on this subject, in addition to the four important 
works, bere quoted, by Aucrbach, Bitschli, Hertwig, and Stres 
burgor, the most recent annals of the progress of the history of 
evolution (Waldeyor in VirchowsHirach's “Jabrosberiehtes® 
Berlin; Hertwig in Hofmann-Schwalbo's “Jabresberichten,”” 
Loipeig). 

55 (1. 185). Protozoa and Metazoa, Cf, vol, i. p. 248; Hi. 2. 
The Protozoa and Metazoa are genctically and anatotaically se 
very distinct, that tho former, as Protista, may even be excluded 
entirely from the animal kingdom, and may be reganted as a 
neutral intermediate kingdom between the plant and animal 
kingdoma.—" Gonorelle Morphologie,” vol. i. pp. 191-830, Ace 
cording to this view the Metaxoa alone are really animals. 

56 (i. 186). The Unity of the Zoogenotic Conception, result- 
ing from the Gastrea-theory, hns ns yet not beon destroyed by 
tho numorons attacks directed against that theory: for nope of 
these attacks have suecceded in substituting wnything: positives 
by pure negation no advance can be made in thin dark asd 
difficult enbjoct. 

57 (i. 187). The Bgg-clavage and Gustrulation of Man, as 
represented diagrammatically in Figa, 12-17 of Plate IL, ix most 
probably in no cgsential way different from that of the Rabbit, 
which hagas yet been most closely examined in this point. 

58 (i. 188), Ernst Haockol, “Arabian Corals” (# Arabische 
Korllen”). “A Journey to the Coral Banks of the Red Sea, and 
a Glimpse into the Life of Coral Animals. A popular loctare, 
with scientific explanations.” With 5 coloured plates, and 20 
woodeuts. Berlin, 1876, 

59 (i, 180). The Numbor of the Sogmentella, or cleavage. 
collg, increases, in the original, pure forms of palingenetio egy 
cleavage, in regalar goomotric progresiion, But the point te 
which this proceods vari tho various archiblastic animale, 
so that the Morula, as the final result of the clenynge-process, 
consists sometimes of 32, sometimes of 64, dometimes of 128 
coll, and so on. 


60 (i, 189), The Mulberry-germ, or Morula. ‘The seg- 
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mentolla, or elenvage-cells, which constitute the Morala at the 
close of palingenetic eggrcleavage, generally appear entirely 
similar, with morphological difference in size, form, or con- 
stitution. This does not, however, hinder the fact that theso 
colls have separated, even during cleavage, into animal and 
vegetable cells, have diffcrentiated physiologically, as is indicated 
in Figs. 2 and 3, Plate TT, as probablo. 

6) (i. 189). The Bladder-gorm of Archiblastic Animals 
Qlastwla, or blastospharrs), which is now commonly known nx 
the gorm-vesicle, or, moro accurately, ag the ‘ gorm-membrano 
vesicle,” must not be confused with the essentially different 
“ germ-vesicle” of amphiblastic mammals, which is better called 
tho ‘intestinal-gorm vesicle” (yastrocystis). "Tho gnatrocyatis 
and the blastnla are still often onited nnder the namo of “ germ- 
vesicle, or vewioula blastodermica." Cf, vol. i, p. 290. 

62 (i. 192). The Definition of the Gastrula wag firat 
established by me in 1872, in my “Monograph of Chalk-sponges 
(vol. i. pp- 338, 345, 466). There T already gave due weight to 
the “extremely groat significance of the gastruln in reference 
to the gonoral Phylogeny of the animal kingdom" (p. 383). 
“The fact that these larval forms re-occur in the most different, 
animals, cannot, I think, bo sufficiently estimated, and bears 
plain witness to the former common doscent of all from the 
Gastrien" (p. 845). 

63 (i. 194). The Uninxial Outline of the Gastrula is, on 
account of the two different poles of the axis, more accurately 
described aa a diplopolic uniaxial form (a sternometric outline: 
conoid-form, or conc). CE, my “ Promorphology ” (* Generelle 
Morphologic,” vol. i. p. 426), 

64 (i. 194), Primitive Tntestine and Primitive Mouth, My 
Aistinclion of the primitive intestine and primitive mouth 
(protogaster ond protostoma) from the later, permanent intestine 
and mouth (metagaster and metastoma) has hoen variously 
attacked ; it is, however, as much justified as the distinction of 
the primitive kidnoy from tho perraanent kidney, of tho primitive 
vertebrw from the permanent vertebrie, The primitive intestine 
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‘are given with these “Communication préliminaire;” Van 
Bonoden's description is, however, #o clear, o thorough and care- 
ful, that they afford an entirely satisfactory insight into unequal 
ogg-cleayage and the formation of the Hood-gastrula in Mammals, 
All other observers, who have studied the germination of Mam- 
malian egga (among tho most recent Killiker, Rauber, and 
Hewson may be especially mentioned), have overlooked or 
failod to recognize the important foabares discovered by Van 
Benedon. 

70 (i 218). The Diso-guxtrula (Disco.gastrula) of Oxscous 
Fishes (Telcoste’). Van Bamboke, “Recherches sur Vembry- 
dlogie des poissons ossonx." Brassols, 1875. ‘The transparent 
Fish-ogus, in which I observed discoid cleavage (Segmentatio 
discoidalie)and the formation of the Disc-gastrala by invagination, 
are necurately doscribed in my article on “The Gostrula and 
Kgg-cleavage of Animals " (Jen. Zeitschrift fir Navorwis- 
sonsehaft,” 1875, vol, ix. p, 432-444; Plates TV, V.). On the 
Diso-gustrula of Selachii, cf. Balfour, “The Development of 
Elasmo branch Fishos.”—* Journ, of Anat, and Physiol,” vol, x. 
p. 517; Plates XX., XXII. 

Wl (i. 221). Yelk-cella of Birds. Tho celldike conatitacnt 
parts, which occur in great nomber and variety in the nutritive 
yolk of Birds and Reptiles, as in most Fishos, are nothing Tess 
than trao cells, as His and others have asserted, This does nob 
mean that in this mattor a distinct limit overywhere existe 
between the nutritive and tho formative yells, ax in onr oceanic 
Fish-oggs (Figs. 42, 43, note 70), On the contrary, originally 
(phylogenctically) the nutritive yell originated from part of the 
entoderm. 

72 (i, 223). Bgg-cells of Birds, Notwithstanding the large 
autritive yelk, tho " after-ogg " (mefooum) of Birds and Reptiles 
is, in form-value,a single cell. The very small, active protoplaam 
of the “tread” docs, however, indeed fall far short, in volume, 
of tho hugo mass of tho yollow yolk-ball. The bird’ eggs aro 
absolutely the largest cells of the animal body. Cf. note 43, and 
Eduard yan Beneden, “Recherches sur Ia composition et In 
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is again, perhaps, connected in the same way with the superficial 
form. 


79 (i. 241). Tho Gastralation of the various classes of 
animals has been far too little studied to enable us thoroughly 
to summarize the distribution of the various forms within the 
separate classes. Yot it in already ovident that primordial egg- 
cleavage and the formation of the Archignstrala occur in the 
lowest classes of cach tribe. 

80 (i, 243). The Rhythm of ogg-cleavage is by no moaus aa 
regular ns might appear from the four first examples in the five 
tables. There are, on the contrary, many varintions, and nob 
infrequontly an ontiroly irregular and vory variable sequence of 
numbers occurs (expecially in diseoided cleavage). 

81 (i, 246), Definition of the Type, Cf. Gegeubaur, 
© Elementa of Comparative Anatomy,” 1874, p, 59. 

82 (i 246), Types and Phyla. According to tho provailing 
“Type-theory,” the types of the animal kingdom are paraltel, 
and entirely independent; according to my “ Gastrwa-theory,'* 
‘on the contrary, they are divergent. tribes, connected at the 
roots; according to the view of Claus and other opponents, the 
latter is no essential distinction. 

83 (j. 248). Tho one-celled condition of Infasoria entirely 
forbids their morphological comparison with Motazos, Cf. my 
article “On the Morphology of Infusoria” (“ Jen. Zeitschrift, 
fiir Naturwissonschaft” 1873, vol. vii. p. 516-568), 

84 (i, 257). The axes of the Vertebrate outline, Cf, my 
“Promorphology” (Stereometry of Orgunisms)—* Qenerelle 
Morphologie," vol. i, pp. 374-574. “Singly double-ontlines " 
(Diptera), p. 519. “Bilateral-symmetrical” forms in the fourth 
signification of the word, 

i, 255). Tho Primitive Vertobrato Typo, as it is repre- 
sented in Fige. 52-56, ina hypothetic diagram, which is principally 
founded on the outline of the Amphioxus, bub in which the 
Comparative Anatomy of Ascidia and Appendicularia on the 

lé, of Cyclostomi and Selachii on the otber, i regarded. 
This diagram is by no mcans meant to be au “exact figure," but 
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& provisional stage in the hypothetic 
unknown, long extinct parent-form of Ve 
typo.” 

85 (i. 258). Only very uncertain: 





and in Ascidia, as in the Amy 
atrophiod. ‘Tho earliest Vertebrates ri 
of eyes of very simple character and a pair of si 
from Worms, “_ 
87 (i. 267). Tho primitive kidneys were p 
mutameric in the hypothetic parent-form of Ve 
in addition to the two longitadinal main 
kidney ducts) numerous transverse tubes (5 
were connected with these main canals, # pair in each: 
of the middle part of the body. Perhaps these 
through cilinted funnels into tho body-cavity (eee! 
now the caso in Annelida, and, according te TB 
if, Of Balfour, “Development 




















83 (i. 273). The germination of Primitive Ve 
with Tablo VI, Table VIL (vol. & p. 327), Table 
also tho diagrammatic fAigarea in Plates TV. and V, with 
tion (p. 321). ¢ 
80 (i. 276), The Germ-forms of the earliest Vertebral 
thoy aro represented in diagrammatic eros spetions: 
62-89, enn only, of course, be approximately gnesaed, 
tho sid of Compartive Anatomy and 
hypothotic diagrams, therefore, by no méans claim 
cepted dogmatically, any moro than do those in 
(CI, note 85.) 
90 (i. 280). Moin incidents in Vertebrate germ 
the main palingenetic incidents here enumorated, 
sixth, ninth, and tenth originally oocorred in m 
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ferent form. Tho other seven now appoar to be pretty woll 
‘established. 

‘M1 (i. 285), The flat germ-dise of Binds, which oven now, in 
the opinion of most embryologists, roprosents the first atarting- 
point in the formation of the embryo, and to which all other 

boro been referred, is, on the contrary, a late and 
much modified germ-form, which bus orison in consequence of 
the extension of the gastrula over the greatly enlarging nutritive 
yelk, 

92 (i. 289). Site of Fertilimtion. In Mon, as in other 
Mammals, fertitization of the eggs probably usually takes place 
in the oviduct: hero, the eggs which, at the rupture of the 
Graafian follicles, have emerged from the fomalo ovary and 
passed into the outer opening of the oviduct, moot with the 
active sperm-colls of the male seed, which, daring copulation, 
penetrated into the utcrns, and from there passed into the inner 
opening of tho oviduct. Rarely, fertilization occurs even on the 
ovary, or not till within the uterus. (Cf. Chapter XX.) 

98 (i. 293), The origin of the mesoderm in Mammals, as in 
other animals, is, at present, among the most obscura and con- 
testod points af Ontogeny. Remak, Balfonr, and othors derive 
it from the entoderm, Kolliker and others from the exoderm, 
Woaldeycr, His, and othors assert that both primary germ-layors 
take part in tho formation of the mesoderm. ‘The Jast. assnmp. 
tion is, I believe, correct. (Of. notes 76, 77.) 

$4 (i, 207). Tho Germ-shicld (Notaspie). Tho ordinary 
viow, that tho germ-shicld (= Remak’s “ Doppelschild ") is tho 
earliest rudimont of the actual embryo, results in many erroneous 
conclasions. It ia, therefore, necessary to point ont especially 
that the germ-shield representa the first well-defined central 
dorsal part of the embryo. 

95 (i917). Body Wall and Intestinal Wall. The morpho- 
logical distinction betwoen tho body wall and the intestinal wall, 
certainly primordial, is probably referable to the. simple primary 
germ-lnyers of tho Gastraa, Lf the skin-fbrous layer is derived 
from the exoderm, nnd the intostinal-fibrous layer from the 
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‘entoderm, this most simply explains the progres 
of this distinction, which may be traced | 
Worms, and up to Vertobrtes, 


history of the Amphioxns has taught us the p 
original form of germination of Vertebrate on 
have been enabled, by Comparative ‘Ontogeny (and 
tho principles of the Gastram theory), rightly to and 
to explain phylogenetically the kenogevetic forms: 
of higher Vertebrates. 

97 (i, $21). Tho Dingrams in Plates IV. and VW. 
and abstract as possible, in order to render the di 
explanation a4 easy 08 possible. 

98 (i. 346). Primitive Vertebre and Metercieat 
right conception of “ primitive vertebral" structure 
cially necessary to point ont that the primitive - 


conceived ns individual, consecutive sections of { 
which bi e-erlssn cos: alter. the! Olt Asa 


or metameron of an Annclid or Arthropod, 
essential, morphological constituent parts, ch 
corresponding animal-tribe. 

99 (i. 349), Origin of the Primitive Vertebnin, 
tion of these as individual, morphological “conseeu 
which, like the metamera of Cestods and Annelids, 
by terminal budding from single unartioulated pices, 
much attacked. I therefore emphatically remnrke 
understand this process in the widest sense. In both: 
ia cortainly a reproduction of individual, Hike parts, 
originated (in time and space) conseeatively. 
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100 (i. 361). The agreement among the germ-forms of 
yorions Mammals is instructive especially becauso it shows ua 
how, by diversity in the modo cf evolution, the most diverse 
atractures can originate from one and the same form. As we 
nctually sce this in germ-forms, we may hypothetically assume 
the samo to have occurred among tribe-forms, Moreover, 
this agreement is npver absolute identity, but always only 
the vory greatest similarity. Even the germs of the yarious 
individuala of a spocios are never actually identical, 

101 (1. 368), The law of the ontogenetic connection of 
systematically allied animal-forms has many apparent exceptions. 
Those are, however, fully oxplained by tho adaptation of the 
germ to kenogenctic conditions of existence. Where the palin- 
genetio form of evolution of the yerm has been accurately 
transmitted by heredity, that law is always in force, Of. Fritz 
Maller, * Fir Darwin” (note 111). 

102 (i. 367), Earliest human germs. Cf. Kélliker, “ History” 
of the Evolution of Man" (‘ Entwickelungegeschichte des Mene 
schon.” 2nd edition, 1876, pp. 303-319), Also Ecker, “ Toones 
physiologiew.” Leipzig, 1859. Plates XXV.-XXXI. Tho 
earliest human germs which have yet been certainly recognized, 

were from twelve to fourteen days old, and were observed by 
Prof. Allen Thomsoa, of Glasgow. No opportunity has ever 
eccurred for the observation of earlior germs, 

108 (1.369), Human germs of three weeks (twenty to twenty= 
one days) exhibit in their whole structure that phylogenetic atago 
of evolution which, among extant Vertebrates, is represented by 
the Cyclostomi (Lampreys and Hage, vol. ii, p. 103), and which 
must be roferable to extinct Monorhine ancestors of similar 
stractore. 

104 (i. 370). Human germs of four weeks (twenty-five to 
thirty days), on the whole, exhibit in thoir whole structure that 
phylogenetic stage of evolution, which is exhibited in Sharks 
aud Rays, among extant Vertebrates, and which ix referable to 
similar extinct Primitive Fish ancestora (Proselachii), Of course 
this comparison is affected by various kenogonotic modifications 


Cf. W. Krause, “On the Allnntois in 

tois des Mensehen."—“‘Arehiy fiir Anata. P 
Plate VL). 

107 (i 400). ‘Tho navel-cord (funieulus 
the placenta, is an organ ebared by Man: 
contal Animals, Cf. Chap. XIX. pp, 155-168, and 
On tho more minute structure of this organ, and 











tory of the Evolution of Man.” 2nd edition, 187% 
108 fi 401). ‘The Kenogeny of Mam In po 


ancestors, wo must always bear in mind that in Mam 
higher animals, the original palingonetio canto of gee 
has undergone much kenogenctic modification in. 
many adaptations to the very various 
life, that it hax thus heen much violated and ec 
higher the organism develops, the more are 
corlieat stages of evolution abbrovintod. 
109 (i, 404). The sections of human germ-history, 
only four larger and ten smaller are mentioned hers in 
to their phylogenetio significance, allow of much more divs 
if their comparative Ontogeny ia minutely “ 
phylogenetic significance may ulso be very well | 
fitting reference to kenogonetic displacements in 
(vol. ip. 13). 
110 (i. 405), Figures of human embryos in 
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germ-history wore givon in very beautiful detail by M. P. Era 
thirty years ago: ‘The Evolution of Mun, and of the Chick in 

- the Egg” ("Die Entwickolang des Menschen, und des Hhuchens 
im Ei," Loipsig, 1845). 

LIL (i. 409). Fritz Miller, “Fir Darwin.” Loipaig, 1864, 
‘A very excellent Tittle book, in which the modification of the 
fanilamental Inw of Biogony (with reference to the Phylogeny of 
Crnstacen) are explained for the first. time. 

112 (i, 413), Tho Method of Phylogeny is of the samo 
morphological value na the well-known method of Geology, and 
ming, therefore, claim exactly the samo scientific acceptation, 
Of the excellent discourss by Eduard Strasburger, “On: tho 
Importance af Phylogenetic Methods in the Study of Living 

“Jonaischo Zeitahrift fur Naturwiesenschaft,” L874, 





M14 (. 415). Recent works on the Amphioxus, W. Rolph 
and E. Ray Lankestor capecially havo recently added to our 
knowledge of tho orgunology of the Amphioxus, Wilhelm Miller 
and P, Langerhans to that of its histology. ‘The literature of 
this subject is fully roprosontod by W. Rolph, in his “Rescarches 
into the Structure of the Amphioxus” (“Untersuchungen fiber 
den Ban des Amphioxus."— Morpholog, Jahrb,” vol. ii. p. 87, 
Plates V. and VII.),and in P. Langerhans, “On the Anntomy of 
tho Amphioxus” (Zur Anatomie des Amphioxus."—" Archiv. 
fiir Mikr. Annt.," vol. x . 

M5 (i. 416). Acramia and Craniota, The separation of 
Vertebrates into Skull-lesa Animals (Aevania) and Skallod 
Animals (Craniota), which I first indicated in 1866 in my 
“Generelle Morphologie,” appears to me absolutely essential for 
tho phylogenetic oxplanition af the Vertcbrato-tribo. 

116 (i. 428). Max Schaltze, “History of the Evolution of 
Petromyzon” (* Batwickelangsgeschichte von Petromyzon.” Hane 
lem, 1856). ‘Tho Ontogeny of the Hags, which promises very 
important results, is yot, unfortunately, entirely unknown. 





117 (. 430). Sevigny, * ¢ 
Verteine!” Val it, Ascidien 1816. a 


118 (i495). Syn-ascidia and Echinoderms. 
ei atarteay which I explained in 1866 (( 


explanation of this romarkable 
119 (i. 442). Kownlovuky, " History 
Amphioxus and of Simple Ascidians” C Mémoieon a 
8. Petersbourg.” 7 Scrie. Tom. x. and xi. 18 
120 (i 450). Tho motameric structure of 
which is indicated in its nerve and muscle systems, 
shows that the notochord exists in Vertebrates p 


nnarticnlated Chorda Animals. 

121 (i. 456). The Metamorphosis of the 
which the larva passes into the adult form, ie not 
known in all its detail, This docs not, ho 
extraordinarily important bearing of tho 
earliest incidents in ita germination on the p 
brates. 

122 (i. 455). Fertilization of Ascidin (PAathusia 
Eduard Strasburger, “On Cell-stracture and Cell 
Stadion of Fertilization.” 2nd edition. Jona, 
Pinte VIIT. “ 

123 (i. 462), Kupflix, Tho tribal relation of 
Vertebrates (“Archiy far Mikro. Anat,” 1870, - 
115-170). Oscar Hortwig, * Researches into the 
Evolution of the Cellulose Mantles of Tunicata™ (* 
changen iiber den Ban und dio Entwickelang dex 
Mantels der Tunicuten"). Richard Hertwig, “C 


sonachaft,” 1373, vol. vii,). 
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124 (i. 464), Tho Phylogenetic Importance of the Amphi- 
oxus cannot be too highly insisted on, Without knowledge of 
its Anatomy and Ontogeny, the origin of Vertebrates would be 
entirely dubious, and thoir descent from Worms would appear 
incredible, 

125 (i. 467). The Ontogenetic Cell-peiigres, as it is repre- 
sented, with reference to the Amphioxes, in Table XI., probably 
holds good, in its most important features, for all Vertcbrates, 
and, therefor, also for Man. For, more than any other form, 
the Amphioxna by strict Herodity has accuratcly rotainod its 
Palingonosis, ‘This bistogonetic cell-podigree is apparently well 
established as regards most and the chief features; on the other 
hand, it yet appeors doubtful with regard to the origin of the 
primitive kidnoys, tho testes, and ovaries, 

126 (ji. 4). Milne-Edwards, “Logons sur la Physiologie 
Compante,” vol. ix. 

127 (ii. 6). Eternity of Organic Life. According to the 
monistic view, onranic life is a further form of evolution of the 
fnorganie word-processes, and had m beginning in time on our 
planct. In opposition to this, A. Fechner, among others, in his 
“Thoughts on the Creation and Evolution of Organisms,” has 
stated certain oppased “kosmorganie phantasys" which appear 
catirely irreconcilable with the ontogenetic facts given here. 

198 (ii. 13). Bernbard Cotta (“Geologie der Gegenwart,” 
1866; 4th edition, 1874) and Karl Zittel (“Ans dor Urzeit;"” 
Miinchen, 1875, 2nd edition) have made some excellent remarks 
on the daration and the whole course of the organic history of 
the world. 

129 (ii. 21). August Schleicher, The Darwinian Theory 
and Philology” ("Dio Darwin'sche Theorie und dic Sprach- 
wissensehaft.” Woimar, 1863. 2nd edition, 1873). 

130 (ii. 25). Ab first sight, most polyphyletic hypotheses 
appear moro simple and cosy than do monophyletic, but the 
former always present moro difficultiog the more they are 
considered. 

181 (ii. 25). Those physiologists who desire an experi« 
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mental proof of the theory of descent, merely Hhorehy prove their 
oxtraordinary ignorance of the morphological scientific facts re 
luting to this matter. 

132 (ii, 80). Spontancoua generation—* Generella More 
vol. i, pp. 167-190. *Monera and Spontancous Gene 
mition.”"—"Jonnische Zeitschrift fir Naturwissenschaft,” 1871, 
rol. vie pp. 87-42, 

133 (ii. 83). The Absence of Orgnns in Mone. In saying 
that Monera are “Orga jams without organs,” wo understand the 
dofinition of organs in a morphological sense, Tn a physiological 
sense, on the other band, wo may call the variable plason- 
processes of the body of the Moneron tho " pseudopodia " organs. 

134 (ii, 86), Induction and Deduction in Anthropogeny. 
“Generello Morphologic,” vol. i. pp. 70-88; vol. ii. p. 427. 
“ History of Creation,” vol. di, p. 357. 

135 (ii. 42), Animal Ancestors of Man. The aumber of 
species (or, more accurately, form-stages, which are distinguished 
ns apecies ”) must, in the human ancestral line (in the coarse of 
many millions of years !), have amounted to many thousands; 
the number of gener to many hundreds. 

136 (ii, 47), Following Elaberg, we give the name of *yilas- 
tidules” to the “molecules of plasson,” to the smallest Hike parts 
of that albuminous substance whieh, according to the “ plastid- 
thoory,” ia the material substmtum of all the active phenomena 
of life, Cf. my work on “The Porigonesis of Plastidiles™ 
(*Perigenesis der Plastidule oder Wellenzengung der Lebens+ 
cheilchen.” Berlin, ). ‘This is an attempt to explain 
mechanically the elementary processes of evolution. 

137 (ii. 49). Bathybins and the free protoplasm of ocean 
depths. Cf. my “Studies on Moucrw and othor Protista.” 
Leipzig, 1870, p. 86. The most rocont observations om living 
Bathybing aro those of Dr. Emi} Bessel, who found this form on 
the coast of Greenland (in Smith's Sound), at » depth of about 
550 ft. Ho noticed vory active ameboid movements in them, 
ns well as the axsumption of foreign particles (carmime, ete), 
“Tt consists of nearly pare protoplasm, tinged most intensely by 
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‘2 solution of carmine in ammonia. It contains fine gmy grannies 
of considerable refracting power, and besides the latter a great 
number of olcaginous drops, soluble in other, It manifests very 
marked amaboid motions, and takes up particles of carmine, eto.” 
—Packard, “Life Histories of Animals, including Man.” New 
York, 1876. 

138 (ii, 50), Tho Philosophical Importance of Monera in 
explaining the most obscure biological questions cannot bo 
sufficiently emphasized. “Monograph of Monera,—\Jenaischo 
Zoitachrift fir Natarwissenschaft,” vol. iv., 1868, p. 64. 

139 (ji. 54). The Nature and Significance of the Egg-cell ean 
only be philosophically understood by means of phylogenetic 
exnmination. 

140 (ii, 58), Synamosba, Cionkowski, “On the Stracture 
and Evolution of Labyrinthula” (Uber den Ban und die Dutwic- 
kelung der Labyrintbuleen,”—Arcb, fir Mikrosk. Annt, 1870, 
vol. fii. p. 274). Hortwig, “ Microgromia Socialis." —Ihid. 

141 (ii. 61). Catallacta, a new Protista-group (Magosphara 
planula), Soo “ Jonaischo Zoitechrift {ir Naturwiseenchaft,” 
vol. vi,, 1871, p. 1. 

M2 (ii, 66), Haliphysema and Gustrophysema. Extaub 
Gastrwads, Sce “Jenaische Zeitschrift fir Naturwisscenschaft,” 
vol. xi., 1876, p. 1, Platos 1.-VI. 

1S (ii. 70). The five first stages in the evolution of | the 
animal body, which are compared in Tablo XVII, and which 
fre common to Man and all higher Animals, are ostablishod 
beyond all doubt as existing in the Ontogeny of most extant 
azimals. As Comparative Anatomy shows that corresponding 
form-stages yet exist in tho system of tho lower animals, wo 
may assume, in accordance with the fundamental law of Biogeny, 
that similar forms existed phylogenctically as most important 
ancestral forma. 

Ut (ii. 77). On the distinction of the axes, and on the 

ic. outline of the animal body, soo ‘ Promorpholegic” 
(‘Gonerelle Morphologie,” vol. 4. pp. 874-574). 
145 (ii. 87). The hermaphrodite stractare of our ancestral 


cae) 


sories was perhaps transmitted from the 
fa ax the lowor stages of Vertebrate ancestors. 

146 (ii. 89). I am inclined to regard the J 
living Chorda Animals of the prosent day; 
Tnvertebrates permnnontly possosaing a . 
by many other peculiarities, distinguished from 
cata, 


147 (ii. 105). Metamorphosis of Lamproye. 
Ammocajes change into Potromyzon was kno 
years ago (1666) to the fisherman Loonkard 
borg; but this observation remained unr 
modification was first discovered by 
(“Avohiy flier Ana b 
water Fishes of Central Europe” (“Die 8 
Mittol-Raropa,” 1863), 

148 (ii. 114), Solachii as Primitive Pishes, 
as to the systematic position and kindred of Selue 
dofinitely settled by Gogonbanr, in the intreduetion 
work on The Head-skeloton of Selachii. 

149 (ii. 118). Gerard Krefft, “ Description of a Gig 
phibian ;” and Albert Giinther, “ Cemtodes, and ite § 

"—" Archiv fiir Naturgeschichte," 87, 1871, 
321; also “Phil. Trans," 1871, Part IL p. $11, ete. — 

150 (ii. 129). The duration of metamorphosis of 
varies mach in the different forms of Frogs and Tex 
forming & complete phylogenctic series from the or 
complete form, to the later, much shortened and 
of modification, 

151 (ji. 129). “All the histological features of 
Salamander (Salamandra maculata) force the i 
belongs to an entirely different epoch of terrestrial 
of the Water Salamander (Triton), externally so sinal 
Remak (“' Entwickelung der Wirbolthiore” p, 117). 

152 (ii. 130). Siredon and Amblystoma. Very 

Intely beon expressed as to tho phylogenetic sig 
be attributed to the much.diseussed modification of 
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Axolotl into an Amblystoma. Cf. on this subject especially 
Angust Woiemann, in ‘ Zeitsch. flir wissensch. Zoologic,” vol. 
xxyv., Sup., pp. 297-334, 

158 (ji. 181). The Leaf-feog of Martinique (Hyloilee mar- 
tiniconsia) loaoa its gills on the neventh day, its tail and yolk-sno 
on the eighth day of egg-life, On the ninth or tenth day after 
fertilization the complete frog emerges from the egg —Bavay, 
“Sur I'Hylodcs Martiniconsis ot ses Metamorphoses.” “Journal. 
do Zool. par Grevnis," vol. ii. 1878, p. 18. 

154 (ii. 183), “ Homo diluyit testis” = Andring Scheachzeri. 
Sad bone of an ancient evil-docr ; Soften, stone, the heart of 
the now children of evil” (Dineonns Miller). Quonstodt, 
*“Pormerly and Now” (* Sonst und Jotat,” 1856, p. 239). 

155 (ii. 188), Tho Amnion-stracture of the threo higher 
Vertobrate.clissoe, wanting in all lower Vertebrates, has no 
eomnection with the similar, bat independently ncquired Amnion= 
structure (analogous, but not homologous) of higher Articu- 
Jated Animals (Arthropoda), 

156 (ji. 198). Tho former existence of a Protamnion, tho 
common parentform of all Amniota, is undoubtedly shown by 
the Comparative Anatomy and Ontogeny of Reptiles, Birds, and 
Mammals, No fossil remains of sach a Protamnion have, how- 
over, yo been discovered. They must be sought in the Permian 
or Carboniferous formation. 

157 (ji. 147), The former organisation of the Promammalia 
may be hypothetically reconstracted from the Comparative 
Anatomy of the Salamander, Lizards, and Beaked Animals 
(Omithorhynchus). 

158 (ii, 153). ‘Tho Didolphic ancostors of Man may have heen 
externally yory different from all known Ponched Animals (Mar= 
supiclia), bat possossed all tho easontial internal charactors of 
Marsupialin. 

159 (ii, 163), The phylogunetic of the Semiapes, as the 
primaval placental parent-groap, is not influenced by onr ignor- 
ance of any fossil Prosimim, for it iv never safo to estimate 
pilwontological facts as negative, but only as positive, 
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189 Gi. 217). Donal side and vontmat sides ary homologous 
in Verlebmtes, Articalated Animals (Arthropoda), Soft-bodied 
Animals (Mollusca), and Worms, so that the doreal marrow and 
tho ventml inarrow are not comparable. Gf. Gegenbaue, “Morph. 
Tahirbnch,” vol. i. pp. 3, 6 

170 (ii. 223). The unknown ontogenetic origin of the aym- 
pathetic nerve-system must probably, for phylogenetic roasong, 
‘bo songht chiefly in tho intostinal layer, not in the skin-layer. 

171 (ii, 248). On tho cavitios connected with the nose, soe 
Gogenbaur, “ Kloments of Compamtive Anatomy," p. 58. 

172 (ii. 260). The analogies in tho germination of the higher 
sense organs wore rightly grasped oven by the earlicr natural 
philosophers. Tho first more necurate sketches of tho very 
obscure germvhistory of the sense-organs, especially of the eye 
and ear, were given (1830) by Emil Huschke, of Jena (Isis, 
Mockel’s Archiv, ete.). 

178 (ii. 265), Hasse, “ Anatomical Studies” (“Anntomische 
Studien”), chiefly of tho organ of hearing. Leipzig, 1873. 

174 Gi. 269), Johannes Rathko, “On the Gill-apparntos and 
the Tongue-bone” (“Ueber den Kiomen-apparat und dos 
Zungenbein,” 1832). Gogenbaur, “On the Hend-skelctou of 
Sclnshii,” 1872, (Seo novo 124.) 

175 (ii. 272), On the Rudimentary Ear.sholl of Man, of. 
Darwin, “ Descent of Man,” vol. i. pp. 17-19. 

176 (ii. 276). Scarcely anywhere docs Comparative Anatomy 
prove ite high morphological value ns with reference to the 
skeleton of Vertebrates: in this matter it accomplishes mach 
tore than Ontogeny. Thore is all the moro reason +o insist on 
this hore, as Goette, in his gigantie history of the ovolution of 
Bombinator, has recently denied all scivatific value to Com- 
parative Anatomy, and assorted that Morphology is explained 
solely by Ontogeny. Cf. my “ Aims and Methods of tho Recent 
History of Evolution” ('Zicle und Woege der hentigen Bate 
wickclungsgeschichte,” 1875, p. 52, otc,). 

177 (ii. 283). The Haman Tail, like all other radimontary 
organs, is very vnrinble in point of size and development. In 

a“ 
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rare cases it romains vernsoedllr Fe yee usually 
disappears at an carly period, as in Anthropoid. 

178 (ii. 284). On the Namber of Vertebres in apres. 
mals, ef. Cavier, “ Legons d'Anatomie Comparée." 2nd. edition. 
tome i, 1835, p. 177. 

179 (4i. 293), On the earlier Skull-theory of Goethe and Olen 
ef. Virchow, “Goethe as a Naturalist” (“Goethe ale Nate 
forscher,” 1861, p. 103). 

180 (ii 295.), Karl Gegenbour, “The Head-skeletam of 
Sclachii" (‘Das Kopfskelot der Selachior”). As the foundation 
of a study of the hend-skeleton of Vertebrates (1872). 

181 (ii 301), Karl Gogonbaur, “On tho Archi 
—"Jonaische Zeitschrift far Naturwissenschatt," vol. vik. 

p. 101. 

182 (ii, 404). Gegenbanr, “ Researches into the Comparative 
Anatomy of Vertebratos” (“ Untersuchungen sur Vergiesches 
don Anatomic der Wirbolthiore”), Part I, Carpus and Tires 
(1864), Part Il. ‘The shoulder girdle of Vertebrates. be 
fins of Fishes (1866). 

188 (ii, 805). Charles Martins, “ Nouvelle cope 
mombres pelviens et thoraciques ches homme eb * 
mammiféres."—" Memoires de I'Acad, de Montpellier," woh a 





















1857. 


are first formed of cartilage, Cf, Gegenbanr, “On 
Secondary Bone-formation, with special references ta the Bae 
mordial Skull Theory,”"—*Jenaisch. Zeitschrift ffir Water 
wiseenschaft,” 1867, vol. iii. p. 5h 

185 (ii, 308), Johannes Miller, “Comparative Amatomy: 
Myxinoides."—“ Transactions of the Berlin Academy,” 1} 

186 (ji. $14). ‘The Homology of the Primitive Intestine 
the two primary germ-layors is the postulate for 
comparison of the various Metazoa-tribes. 

187 (ii. 322), In the Evolution of the Intestine, Am plibim amt 
Ganoids have, by heredity, rotained the original 
more accurately than have Sclachii and Osseous Fishes (: 
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‘The palingenetio germination of Selachii has been much altered 
by kenogonetic adaptations. 

188 (ii, $28), On the Homology of Scnlos and Tooth, of. 
Gegonbanr, “ Comparative Anatomy” ("Grandriss der verg!, 
Anatomie,” 1874, pp. 426, 582); also Oscar Hertwig, “ Jennische 
Zoitachrift fir Naturwissensebaft,” 1874, vol. viii, On the 
important distinction of homology (morphological rosomblanco) 
and Analogy (physiological resemblance), sce Gegenbanr, as 
above, p. 63; alo my “Generelle Morphologie," vol. i. p. 815. 

189 (ii 337). Wilhelm Miller, “On the Hypobranchial 
Groove in Tanicates, and its Presence in the Amphioxus and 
Cyclostomi,"—" Jenaischo Zeitschrift fir Naturwiasenschaft,"” 
1873, vol. viii. p. 827. 

190 (ii. 358), The Nerve-muscular Cells of the Hydra throw 
tho carlicat light on the simultancous, phylogenctic differentiation 
of nerve and muscle tisae, Cf. “Klemenberg, Hydra.” Lolpaig, 
1872, 

101 (ii. 383). The germ-history of the human heart accurately: 
reproduces in all easential points its tribal history. ‘This palin- 
genetic reproduction is, however, mach contracted in particular 
points and vitinted by kenogenctio modifications of the original 
course of ovolation, digplacomonts partly in timo, partly in place, 
which are the result of embryonic ndnptations. 

192 (ii. 983). On the Special Germ-history of tho Haman 
vascular aystom, cf. Kélliker, “History of the Evolution of Man” 
(#Entwickelungageschichto des Menschen." 2nd edition, 1876); 
also Rathkee’s excellont work on Ontogeny. 

193 (ii, $87), The Homologios of the Primitive Organs, ne 
they aro here provisionally deseribed in accordance with the 
Gastreastheory (note 24), can only be established by further co- 
operation between Comparativo Anatomy and Ontogony. CE 
Gegenbane on Comparative Anatomy (!Grondvisa der verglei- 
chenden Anutomio”). 

194 (ii, 390), The Mechanism of Reproduction. Aa the 
functions of reprodnction and of heredity, cormected with re- 
production, are referable to growth, so the former as well an the 
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latter are finally explicable as the results of the attraction aml 
rojection of homogencans and heteragencons particlos. 

195 (ii, 897). Edasrd van Benoden, “De la Distinetion origi- 
nelle du Testicule ot de lOraire.” Brasscls, 1874. 

196 (i. 399). On tho Original Hermaphrodite Structure of 
Vertebrates, of. Waldeycr, “Ovary and Eyg” (“ Bierstock und 
Bi," 1872, p. 152) ; also Gogenbanr (“ Grandriss der vergleichen 
don Anatomie,” 1874 p.615). On the origin of the ogee from the 
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Nutlonal Academy of Soleneey, et. 





UNION wernt “iM, 7OWT YOLOME OF THE CENEEA, 


Neat 12mo volume, bound in cloth, fully illustrated. Price, $1.00, 


“Te would really be dificult to exaggerate the merit, In the sense of consuco- 
male adaptation (0 Ite modest end, of the Mile treatise on * Bound" whieh formm 
thoeceond namber of Applotonn' * Experimental tclence Berio.’ ‘The purpora 
‘of those hand hooks in to foach tho youthful rtudent how to make oxpertment 
for himaelf, without the help of @ trained oparator, and at very ttle expense, 
How soecessful the anthors wero in attaining that end Im tester by the romark= 
‘able and constantly-Increasing demand fur the Initial volutbe. "There hand-books 
of Professor Maysr #bocld be in the hands of erury teacher of the young..'—New 
Fork Sun, 


‘Abe prosent work te an admirably close and Interesting collection of experl- 
rmonta, doseribed with Jont the Fight amount of abstract information and aa (ore, 
tnd plated In progressive ordor. ‘The rocent fnventions of the phonograph mtd 
injerophene Keo av extmordinary interest to thie whole fleld of exporlivent, 
‘hich makes Profesor Mayer's manual especially opportune,"—Zovton Courter. 


“De. Mayor has written a second heautifl hook of experimental selence, the 
sahject betng * Sond,” Tein a little volumo, ia worprisingly comprehonsive, and, 
aithough Intended for boginoory, comtalus iany paxes that will be read with 
pleasure by those mast fhailliar with the mubjeet."—N. Independent, 


‘sound {e tho moeond volume of the *Experimentel Sclence Berles.’ Lika 
Its peedocoraor, Ite dovorving of hearty commendation for the number of fuge- 
ions and navel expeutmente by whieh the aclontide principles arv tnatrated, 
‘Twese ttle volumes nre the bert manuals vver written for the wee of non-#clen= 
‘ude etudoptn, and thete study will nore thau repay the Inbur devoted to them.” 
—Monion Gazelle. 

Ap foteroating Mitle trontiee on *Sonmd.’ A carefully-proparod peicetint of 
srticion noeded for tests and experiments adds to the value of the volamna."— 
Boston Bening Transcript 
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A Popular Dictionary of General 
Riploy and Charles A, Dama, 
pages each, Hlustrated with several 
and with numeroms Colored 
Prive por vol, in cloth, $3.00; abeep, | 
half russia, $8.00, 


To the above. By the Rev. T. J. 
Danghter, Blandina Conant. 1 vol., 
Cots, £5.00; sheep, $6.00; half 
85.00, 


American Annual Cyelop 
And Register of Important Events, © 
bracing Politienl, Civil, Military, and & 
ments, Biography, Statistics, Commer 
ence, Agriculture, and Mochanical 1) 
American Cyclopedia.) Brieo per ¥¢ 
80,00; half morocco, $6.50; half russi 
full morocea, antique, $9.00. 


Cyclopedia of Drawing : 

A Text-book for the Mechanio, Archite 
Profusety lltustrated. New wad revise 
‘tonal Dilvetrations. I vol, royal Sra, 


Annlotans’ Ouclencnlieeieeedames 





